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*\ I.TIIol'i ;ii a valuable and extensive literature is 
already devoted jo (lie textile aris, no book lias 
yet appeared on the ini|n hm a 11 1 siili]nrl ol the 
colour-matching of 1 1\i■<I textiles Tim .subject is 
a comprehensive one, eomprising a- ii dims tIn* 
study of colour percept ion, llm ipialilies of da\ 
liglit, the optical properties ol I lie lilires and 
(lycstull's employed, and also tlm inlliieimes of 
artificial illumiiiation on colour appearances 

This little manual attempts, as tar as possible, 
to systematise and elucidate the many perplexing 
phciionii'iia that come licfore the d\cr and colour 
chemist in the course of their everyday work, 
I low far this attempt succeeds lies with the rftlder 
himself to judge ; hut I hope it may prove a 
genuine help to the practical man as wel 1 as to 
the student. 

1 have pleasure in expressing my spei-id thanks 
to my brother, .lames Paterson, colour chemist, 
Kskbank, for (lie assistance lie has given ni" in 
carefully revising all the proof-sheets, and for many 
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valuable .suggestions; and likewise u> my esieetupd 
friend, Robert Irvine* F.C.S., I'.K.S. \'f, of Royston. 
(iianton, for his'ddnd interest°und advice during the 
progress of tins work. 

The dyed patterns illustrating tin* text I owe 
to the courtesy of the two eminent eolwmt firms 
mentioned in the Appendix. 
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« CHAPTER I. 

• 

INTRODUCTION MliH'l} ANII (f>I.OI'lt A SENSATION -STRUC- 
Tl’KE OP Till: EYK-TIIH UKTINA—< Ol.OUH-l'lilU'KPTlON 
PIUMAKY ColjOl: II SENSATION'S 

r fllK delicate art of colour-matching lias ever proved a source 
of difficulty to the dyer and textile colourist. Kven ill the 
earliest annals of industrial lustoiy we learn that, the skill 
of the famous dyers of ancient Tyre was often put. to the 
severest test in the matching of their lenowneil T\ riftii 
purple to that particular amethyst line which was then so 
much esteemed. 1 

If the matching of dvcd coloius was found to lie a 
difficulty lli<% when the ilax Ilyylit was clear and unpolluted 
lay the smoke-cloud of industry, when colours were simple 
andt textile fabrics few, the difficulty is very much increased 
now, when we consider the impure atmosphere of our large 
industrial cities, the many different kinds of fabrics, and the 
complexity rtf the innumerable shades which are demanded 
by the tastes and fashions of the present day 

Before a good match of any coloured matenal can he 
made, either on the palette or on dyed fabric, we must, m 
the first place, he endowed with eye? capable of distinguishing 
the liner graftationg of line ; and, at the saute time, u^ordcr to 
see the colours in their truest aspect, the colours themselves 
must be illumined with a good white quality ol da^Jyjjft. 

At the very threshold, therefore, of our study of colour- 
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matching are ivvu <iut;siiunn in pic-ummuat impuitance, 

• * . , 

Colour-Perception and Daylight; and to these we wnl first 

coniine our attention. 

0 

COLuriM'KIMUl'TIOX. 

SJ t. Light and Colour a Sensation, -In the present 
scientific age every schoolboy is acquainted with the famous 
experiment of Newton’s, whereby a beam of white Jight is 



x —Showing retraction lit light and production of spectrum 
by means of the. pi win. 

decomposed, by means of a glass prism, as shown in Big. 1, 

into its various constituent colours—red, orange, yellow, 

4 ( 

green, bine and violet. * 

But it is difficult to hehev* that no such thing as light 
and- colour exist m the external world, and that they are 
merely delusions or sensations produced within the eye and 
the brain. As a clear understanding of this initial fact is 
vetV essential, it may "be desirable to state here briefly the 





IjIAtht \m> nii.in', 


theory of h^ht as now umuT^illv accented. Li^ht has been 

dei^T^M'd as “ not < I (hi in/, hut i‘U t ln'j' it I'mitl it mu of t/iiiui x 

It is im established law that rtier>'\ »■, nmveitihlc into 
heat, and the heat mas he so intense as. to makn tile sub¬ 
stance floss' with a da/./hng light. This Inminosits is hut 
thn Visible exhibition ot the infenseh violent agitation or 
energy exmtttg anions tlm particles or molecules ot the body 
emitting thn light Tim sun is such .1 hininitrtis hods. It is 
very evident that wliniirwr tfioiv is uitnnsc mnleeiilai dis¬ 
til rha ncu, or vibrato) y mol ion, tla \ 1 brat ions will r.id late in all 
diruntions, like (ho undulations on a |iond ol water into which 
a stone has boon thrown Tim wain itsell dons not move 
lorw ard, hut ants simply as thn mud 111111 I hioiigh which is pro¬ 
pagated the agitation set up bytlicenergv ol thn filling slone 

A similar condition of things, hut on an 111 lin 1 1 < 1 \ slu- 
pnndous scale, is sot up by llw sun That glowing orb is 
radiating its energy into infinite space . and as wain- was 
required:, in the case ot the pond, in transmit in undulations 
the agitation produced b\ the stone, so philosophers ha\c 
assumed that the whole universe is pervaded hv an extremely 
subtle tenuous medium--//w r/Jn' wliah tiansmils the 
entity of tlm sun in \ ilua.lorv movement's or waves These 
travel at the stupendous speed ol some |N(>, 1 ) 1 ) 1 ) miles per 

second of time. The waves of this hypothetical 01 liglit- 

* 

hearing meflium—known also as the Itfiiini 1 frmiiN fUmt 

during their swift journey through spare eaunot lie tefined 

lit/lit m the true sense of tin word II is only when this 

rapid wave energy rcuc/ms //„- eye anil erei/es I hr Jrlirntr 

ntfinbmne of thr rrftna that it becomes tratvsloinied into 
•' , 
the visible in the shape of light and eolouf (see If .V 

In the same manner, ye cannot describe a cricket hall 
coming flying through the air as fiain coming towaj^is^ts, 
its force is transformed into pain only alter it strikes us Hud 
we feel'it. But the manner 111 winch tins “wave energy” 
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can he translated by the retina and brajn into the sensation 
ot light and colour is a mystery which may never he solved. 

Science cannot explain it, and, yis Professor Tyndall says, 
“when we endeavour to pass from the phenomena of physics 
to those of thought, we meet a problem which transcends 
any conceive,hie cxpiessioii of the powers we now possess. 
We may think of the subject again and again—it eludes all 
intellectual presentation ; we stand, at length, face to face 
With the incomprehensible, 1 ' 

§ i. All that we do know is that the sensation of light 
arises from the action ol these mysterious “ether waves’* 
upon the sensitive organism !$t the eye; hut what the title 
nature of that ad ion is, has not yet been determined Some 
scientists considet it to he a purely electrical action; others 
deem it a chemical one and pmhahlv it may he both. That 
those Wales ol radiant etieigv, 01 light, have a chemical action 
is, of com sc, well know n, as trom this propel tv ai isos the art 
of photography, fl sunlight falls upon the green leal ot a 
plant, chemical action is again manifested , and scientists, with 
suitable apparatus, can show that light is capable of producing 
an electrical elfoct. 

Hut of the great number ot “ether'* or “energy waves” 
which; traverse: space, only a, comparatively small portion ol 
them are appreciated by the organ ol the eye, and are thus 
blade visible 

For example, Fig. •> illustrates the visible spectrum, con¬ 
sisting ol all the colouts from red to violet; hut extending 
far beyond the extreme red, though invisible to the eve, is 
another series of rays, termed the heat spectrum. Beyond 
the exti’-me violet, also, are rays mvisihh to the eye, and, 
from their power of producing .••henncal action, are termed 
ti?N' lemical or “ actinic ” rays. It will he seen, therefore, 
flftit what we term the visible spectrum, extending from red 
to violet, is really hut a small portion of the multitude of 
different ether waves. r 
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«u sensation of light is produced upon the retina of the 
eyS unless the vibratory speed of these so-called waves lies 
within certain definite limits The wava length of the ox- 
treme red rays is said to lie about . of an inch, while 
that of the extreme violet is about of an inch. 

Light hears m this respect a close analogy to Sound, as no 
Sensation of sound is produced unless the air-wa\es heat upon 
the drum of the ear at a certain delimit* late. 

The differently coloured lfghts we see m the spectrum 
have all different “ wave lengths,” and the length of the 

wave, or, m other words, the rapidiL of its vilnation, de- 

■ 

tommies the colour of the light. Tim slowest visible waves 
are found at the extreme red ol the spectrum, and, as their 
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DARK HEAT 
RAYS 


\ 1-lWr 

1 Spt'i 11 mu 


I nvisililo 



speed or “wave froijuelicy ’’ increases, we get the orange, 
yeMow, green, blue, until we come to those of shortest wave 
length, is., the violet. The wave length of the extieme 
violet rays is only about half that ot the red rays, and they 
beat upon‘the delicate retina of the eye with double the 
rapidity of the red. Between these two extremes Ins the 
various intermediate hues, mange, yellow, green and blue, 
with their various wave lengths, or “ valuation Irequencies,” 
all merging beautifully into one another. 

It will lie ob^irved, therefore, that Seeing anljj Hearing 
are closely analogous, and tjiat cnhn'r bears the same relation 
to light as pilch does to sound. 

§ 3 . As people’s ears dii'fef in regard to their sensilulity 
for hearing sound, some hearing sounds of a vi*ry low or a 
very high pitoR, inaudible to other oars, so also peojMe’j eyes 
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differ in tlti'ir riuijifc ol Mi-iisiliility to colmu's. The extreme 
hunts of the. spectrum to, otto observes- are. m all probabdltv. 
not exact,l\ the same as to tlueeves ol anotlior. It is reasonable 
to o\|H-ct that tin- limits ol vision ol small animals and insects 
at'e not the same as those perceived by man, and that their 
eves, heme much more mmulelv and delicately constructed, 
will he sensitive lo nns ol shot ter wave length than rijn be 
appreria.ted liv limmtn eves That this is artualh the ease 
has been abundanth proved bv the researelies of Sir John 
Ijiifrhoek (land Avebury), who has shown that ants and 
insects can perceive javs hevond the extreme violet, wInch 
are invisible lo mil la rye r anil less sensitive eves. |«’or all 
that we know, some of tin 1 eolmns We see, such as led, 
oranye and yfoen, Imiv lie invisible to the eves: ot some of 
the -.mallei animals, while tlull eves can peieeive colour 
hevond the extreme violet, invisible to mail 


sTurriTi.-K Hi'' Tilt: iovh 

k I Eye Structure, Ik loie pioeeediny Imtlu-i to the poi- 
ception ol colour and its van foil- phenomena, it may he well 
for I Is lo 1 ol el bllelh lo the slimline ol llle eve Useli \\ <• 
do not intend lo cnlei into a mmiile desenption of ‘the 
limtian eve. as ihe leadi i may obtain such in any le\t-hook on 
optics, hut we wish meiely to point out it* lew ol its ] a nu I pal 
laal tires in lelatioi): to mil siih|eet ol etijoui vision- 

IM /yi/r/ai// The human cm -lull is neailv spheiical m 
loi in, and about mat men m djamctei. The mints, m which 
the eyes move, are hollow cones ol hone, wisely arranyed in 
such a position as to admit ol the Widest lanye ol side vision 
consistent^ with tIt# power o| hitioeulai vision, m, that of 
direeliny both eves at once on linear oh(<fct 
Vjie e\oball in its oi bit is surrounded with a hod of tat, 
so t[)iat it ran mow readil\ in'all directions. Kou^ldy speak¬ 
ing, the ow f consists ol throe outer membranes or coats, and 

4 

is tilled ihsidv with three, humours, or Injnuls. ' 
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h if^. 3 will assist us in study my tlie'more important parts 
of fts ttrueture 

» * # 

(H) Kcln'nltc Tlic fust coat or outer,membrane is tlx' 

. « 

m i'rotir (Sr. m f 1 1a. 3 ), winch rnnsiitntes.nbnut four-tilths of 
tli<‘ posterior external routine- ft K opiepie, and forms what 
W(‘ term m ordinal y Ian online “ the white of the e\e " . 



((') <'o rn m. - Jollied In tins white opaipie nn in hi a.iie, and 
immediately* in flout of the nr, is a tianspaieiit medium 
shaped like a very eon\r\ w ;)(«Jit-ylass (’ , and is tel med the 
will'll from its hnm\-like uatme. 

On aeeount of its t rails pa I elan , tin- wuni eaiuiol he well 
observed when looking s1 1 ; 11 u 1 1 1 mt ft the nr, hut may he best 
seen by looking i£| it from the side, ubeiisils wairlybass-hke 
shape is readily obset \rd. 

(ll) fVnnvm/. -LJndel the 1 <rh i'nhi (I is another 1 -1- 

01* 

brane coiitainuiy the blood-vessels ol tie' eyeball, illil^ is 
therefore termed the vasetilar emit, <u the / lnirn,,l f('h.), wlu?h 
comprises tluyrfns. The I'liiii'niil ln 4 s close to tlte iiTner side 





8 


COLQu/.t-MATCHING ON TEXTILES. 

i, * , i • 

of the sclerotic, and'tfie iris, or coloured diaphragm of the 
eye, is behind the' watchglass-like cornea (see 1.1. in ligr 3). 
This choroid coat not only contains the wonderful network 
of blood-vessels of the eye, but it is also lined with dark- 
coloured or black-pigment cells. This makes the interior of 
the <jye dark like a camera. These black-pigment walls absorb 
all excess of light that would arise from reflection and diffusion 
inside the chamber of the eye, and would thus cause dim and 
inaccurate vision. Persons whose eyes are devoid of this black 
protective lining are termed Albinos (see the Iris, i$ 7 (I.)), 


ABA 



Fm. 4 . —Portion of retina showing rods (a) and conds (bj. 


§ 5. (e) Retina.—The third coating, or inner membrane, 
is the Retina (see m Pig. 8). This is the most important 
part oi the whole eye. It is this wonderful nervous mem¬ 
brane thjft receiver the impressions of th<i waves of radiant 
energy (see § 2) and transmits them to the brain, where 
tllty^are translated into Light and Colour. Although the 
retina is only about the Tl ' lT th part of an inch in thickness, 
just about #he thickness of ordinary writing-paper, it is found 
to consist oil no fewer tlym nine different membranes, or nerve 
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layers, of marvellous intricacy and defitiuv. >> iinum 
intrf details, it may lie said to consist principally of two 
delicate structures, one.portion of connective tissue hemp* in 
contact with the vitreous humour. This if, tciincd the inner, 
or anterior, memhrane. A second, or outer, menihnine consists 
of layers of peculiar, cylindrical nerves, some hlmit and others 
pointed at the ends, winch from their shape aie tel med " rods ” 
and “cones”. This layer is in immediate contact with the 
pigment layer of tin 1 choroid costt (<'1 1 ) Kip. -1 pives a section 
of this part of the retina, showing the tods (A) and cones (15). 

These “rods” and “cones,” as they are ten.I, play a most 

important part in the pen option of light. and colour, and recent 
investigation has proved that the shatp-poilited nerves, or the 
“ cones,” determine the natute of the oj/uio' ot the object. seen, 
while the “ rods " are sensitive only to the lHjht tfjni tlntili . 

The remark,alile tact has been discovered, also, that animals, 
which, from their hahits.do not require colour-perception, such 
as the burrowing and nocturnal animals like the mole and 
hedgehop or the hat and the owl, have no cones in their 
retina, only the rods, as shown in A, Kip. I, hemp present 

(F) Yellow S/njt —[n the human eye the most sensitive 
par* in the retina for perceivin'* colours is at the arrow 
point shown in the diagram, Kip 8, where there is a peculiar 
depression in the retina. This spot is tel med the iiinciilu I it ten, 
or the ”yellow spot” from its colour. It is directly opposite 
to the middle of the pupil. The depression itself is known 
as the form reutviiJw, and is the only part of the retina 
which admits of clear and distinct vision. 

For example, in reading or looking at a picture or land¬ 
scape, we find that.wecaii see distinctly onk one smdjl portion 
at a time. It is necessary to move the eyes to and Iro to see 
every part clearly; we must place the eye in such a position 
that the image falls upon this sensitive spot; otherwise.we 
obtain a general, hut more or less hazy, indistinct Aiew. 

It is a renyfrkable fact that at tin# certain point flic most 
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acute portion <>I the Yeti nil. the "coin's, or colour-perceivmp 

nerve fibrils, are 'verv ijumemiis and closely set, while‘the 
rods' are \eiv few, and sitnated round the niarpin of this 
yellow spot. , 

(o) HI I ml .S'/Kf/ It is rather curious, also, that not very 
( a i from this, the most sensitive portion o! the retina, is a 
spot enkiolv insensible, or blind, to hplil r l his blind jjpot, 
as it is termed, is situated at that portion wlieie the optic nerve 
ehlei s the eye at the « X " nutlk in lllusti at Ion, Flp H. Here 
the nerve libres are devoid ol rods and cones. One would 
naturally think Unit tins portion, where all the nerves are 
fathered together, should he the spot, ol most acute vision. 
The exist c in eol tins blind spot, as no doubt most of our readers 
a,heady know, can eusih tie demoiisl ia,ted In elnsmp the left 


x • 


bn. . 

eye, and looking with the nphl at the ejoss in Fip. u, JU a 
distance of about M-vIvc melies Tim moss amMhc round 
spot mil be both Visible Then lump the paftc gradually 
nearer to the eye, still keepmp the pazo lived steadily oil the 
cross nutik, till the pape appioaclws to about seven niches 
Iroin the eye, when the letmal nnape of the round spot falls 
upon Are entrance ol the'oplie nerve, and the black disc will 
become invisible. *( In brinpmp the pape st^ll nearer to the eye 
the disc r,-appeals, alter its imape has passed over this “ blind 
sjS^ol the retina. This maybe leadily understood by 
sHjdviup tile simple diaprani, hip. t>. 

‘ tt lj. Tftc three Liquids, or Humours, present in the eye 
are tended .the aqueous, crystalline, and tlu#yvitreous. 
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(ll) —Tilt! A<f IU'<>H ^ 11 II mini/' ( V < j 111 ]' i<*. d) 

consftti-fof nearly jmre water, and occmnes tin 1 sjuce between 
• * 
the cornea ((' ) and the cr\stalline lens (Civ#). 

(i) (Irfjxtulh in*. -The ('I’tf'ifiil1 1 n<‘ Ifthnvii r or lens (Cry.) 
is a firm, elastic, ^elatmo-hke substance, shaped biconvex, like* 
an ordinary “ magnify my glass’’ The com exit \ of this lens 
can be f varied by the action ol the cilian muscles (st i e C M ), 
and m this way near and distant objects can readily he focussed. 
With the advancement of aye, *howe\ei, the lens loses 1 1s 
elasticity and becomes denser. It is then not possible to 
increase its convexity in onlei to tot us near objects, and icsoit 
must then he math 1 to convex ylass spectacles 'I he mus¬ 
cular elfoit necessaiy to focus the cm* is technically termed 
44 accommodation " 



Sometimes, as tile crystalline lens ytows dense with aye, 
it also acquires .1 yellowish tinye This alters considerably 
tin 1 apjiearances ol (olouis, especially those heloiiymy to the 
blue and violet class. The yellow linye absoibs a ceitam* 
amount of its complementary blue, and an obseiver haviny 
eyes so affected will see coloms slightl\ alteicd by then ha,\my 
a slight deficiency m then blue rays Theefleet is similar to 
that of viewing through a faintly t lifted yellow ylass or film. 

Artists or colom;,-matchers, whose eyes i«te allerteij m this 
manner, will, m matching coloms or m pamtiny, make their 
shades somewhat bluer and colder than they leal In appea V> 
the normal eye, the crystalline lens of whuh is colourless. 
The cold bluish effect of the later paintings ol Munready anif 
Turner is attributed by Leibreich to,this yellowing *ol ^the 
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lens by age. This* interesting question is, however, treated 

more fully in Chapter,VI., when dealing with the*c(fiour- 
vision defects of, the eye (see §5 40, 47). 

(. 1 ) Vitreous .—The third or Vitreoun Humour occupies 
about four-fifths of the interior of the eyeball, and derives its 
name from its resemblance to liquid glass. 

It is a colourless transparent jelly, beautifully adapted to 
support the delicate membrane of the. retina (R.li. in Fig. 4) 
and to prevent it from reeeifmg any sudden jar or shock. 

§ 7. (K) Pupil. —The round opening in front of the eye 
(see P) through which tin- light passes into the interior of the 
eye is termed the pupil, and by the action of the muscles of the 
iris (I.L) the pupil has the property of regulating the amount 
of light by contracting or dilating. If, for example, we look 
towards the sun, the electric arc, or any source of strong light, 
the pupil of the eye contracts until it is only a very small 
opening, anil thereby shields the eye from the excessive light. 
If we pass into a dark or dimly-lighted room, the pupil dilates 
in order to let in as much of the weak light as possible. 

The pupil of the human eye always appears black, except 
in eases of peculiar eyes, such as observed m the Albino; but 
the eyes of certain animals, like the cat, dog, wolf, the lion and 
tiger, may he seen to glare with a strange “ uncanny ” light, 
even m the dark. This was for a long time considered to he, 
• areal light, emanating from the eyeball itself,‘and produced 
by-the anger or excitement of the animal; but investigation 
has now shown it to be merely a reflection from a peculiar 
patch of a metallic-like surface on the choroid coating inside 
the eve. 

(L) frits. —The irix (see I.I.) is like curtain stretched 
across the interior of the eye, and gives to the eye its own 
iStiiracteiistie colour. When we speak of brown, blue or 
gfey eyes, we refer to the colour of the iris. 

’ If, however, the colouring matters normally present in the 
iris be* absent, and also the black pigmentyn the choroid 
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coating, tlicn the eyes appear, |>mk fronl the liglit reflected 

# • 

throflgh them from tlio hlood-vesselj; m the choroid mem- 
* • 
braue. Such an abnormal condition of ow is scon m the 

ordinary white rabbit, and also m people ,\\ ho aie Albinos 
The eyesight of an Albino is alwavs defeetne. and they 
are painfully sensitive to any little excess ol light, beeiuise their 
eves a^'e devoid of the natural da;h pigment, which hums so 
wonderful a protection m the normal e\e. 

(M) Ncn'e —The nptie'nene |O.N , log :{| consists 

of all the delicate nerve filaments, or lilacs. Ironi the letma 
bundled together into what has been 0 aphieall) likened to 
“a manv-stranded cable,” which eomevs Us sensation fiom 
the retina to the hrani, where it is mmiedialeU tianslated in 
some mvstenous manner into what we term light and < oloiir 
The foregoing brief and imneileet sketch ol the more im¬ 
portant features ol the eye may help us in our Inrtlier si mix 

of the perception ol colour ... notw it listaiidmg all Us 

ascribed faults as a purely optical instrument lulllls its proper 
lunetioiis in a truly manellou- manner Indeed, the deeper 
we study its wonderluj construction anal piopeities, which 
tinallv baffle imestigatioii, (lie mole we become convinced 
that*there must he wise reasons as yeti unknown lo ns lo 
account for w hat the scientist lightly terms its "blemishes . 

* 

« J 

i*KK (jkption or coi.ont 

§ S. Perception of Colour —\Ye have 1 alivadv obseivcd 
that a beam of white light (lb Pig. 1), when decomposed by 
means of the prism ((-), is found to consist ol six fundamental 
colours—red, orange, yellow, green, blue airtl violet fyll merg¬ 
ing beautifully into one another to ioim the s/wctrtnn (D) 
It will be observed, also, that the longest colour wa\es, or tie se 
of slowest beat, the red, are the least retracted, or b(^it> 
during their passage through the prism; while trie coloured 
light of shortest wave length, i e , the violet, 13 tile most 
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...clou, i >ct ween these two ['\livmvs are the variousrtmerent 

colours, all \ai \ mp lit degrees of u-fiangibility or \\a\<*leftpth. 

'Kveiy m\ ol ,dr : fteient colour, oi what is termed ref)•«mji- 
Itilili /, se<ui m the spectrum is a simple, homogeneous colour, 
and cannot he further decomposed II, for example, we 
til tow the spectrum upon a screen and tliell cut a hole m the 
screen, in the piece portion a- shown m Kip 7, w:e ohtam a 
rav of preen hpht , hut on passing this preen lipid through 
a second prism (l>)we lind it cannot he lui (her decomposed 
into yellow and blue as we nnplit expect K,ver\ spectrum 



lour is simple, hut pin siologists, alter long and laborious 
research on the structure and properties ol the eye, have been 
led to the conclusion that all the colours of the spectrum can 
be reduced into /A rcs ih'nu’uhinj or primary ni'iisatiiiiin. 

t; I). Primary Colour Sensations, ■—'What these three prim¬ 
ary colour sensations are lias been a moot point for loop, hut 
scientists are now almost unanimous in selecting Red, Green 
and Violef as the fundamental colour sensations, and oil these 

t 

the Didst ivasonable theory of colour has heeS^estahlished. 
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A (icniimi plivsinst named Witfiscli, in 1 T'.hi, w,m ihe In st 
tn si , lri < l this triad, a,ml I lio famous I >i Thomas Vmiiijr, M ,mc 
ton vein's altei wards, tlidependentlv ndoplmj the same three 
primaries, and eliminated his themv el eeleiu , w Ineln, .altei 
lying neglected let iii.inv veals, was ie\ i\c'd. and 1 1111 lier 
developed, Wlllilll reenit teals h\ I leliuliiill/, ( del k-Mn\uell 
and fillers, and tonus what is now teimed ihe Vouiie- 
flehuheltz theon. 

It is conjectured that the ictuu, which, as »e ha\e seen, 
is an exceedingly complex siiuetme, consists el a. vast assem¬ 
blage of minute nerve libnls ol t liI ee diIlia nil kinds one set 
very sensitive to the led light, hut not so sensitive to gieeii 
and violet, a second set voiv sensitive to the gieen: waves, 
hut stimulated onlv in a small degwe In those of led and 
violet , and a third set o| neive lihf'cs leadilv m iisilive to the 
violet waves ami less to the led and gwon, When all the 
three nerve lilires aie oi|iiallv stimulillcd. the sensation of 
white light is produced; hut if Ihe led m [lie e.leiai set o| 
nerves lie’more alleeted than Ihe violet, then tin impiession of 
a red nr a ereeii, mixed vv ith a pi opoi non o[ while, is the icsull 

As vve have alriatdv slated in a, il seems to ho piovod 
beyond a, doiiht that the peeiiliat set ol pointed neives in the 
retina termed “nines " have I lie* special |line I toil ol pin reiving 
the colour sensations, while the ‘'mils detei nmio onlv the 
light and shade (see Tig I) 

Tills theory Of colour vision iseonsidrird hv phvsiologists 
to be quite in harmony with the slriH'tiue ol tho ivlma ns 
revealed by the microscope; and it also gives a leasoiiahlo 
explanation for the phenomena oP “ altei images," o! com- 
plementary colours, dichromic vision, and j it her rugosities of 
colour-perception. 

As dichromic vision, or vvliat is Generally termed cnlodr- 
blindness, is of groat interest to the colour-matcher, it \vill 
receive special attention in a subsequent chapter (see Chaplin- 
VI., §§ 48-50), 
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§ 10. Complemerrtary Colours _If we look steadfastly at 

a bright red colour for some time, such as found fti dyed 
pattern Nos. 1 and 0, in Appendix, and then immediately view 
a white sheet of paper, we observe a bluish-green image of 
the red-coloured object. This is owing to the set of red 
sensitive cones or fibrils being lattgued or paralysed with the 
too long action ol the red tight ; and on viewing white, only 
the two remaining colour nerves act, namely, tin- green and 
violet, which combine and lol’m the bluish-green ol the after¬ 
image As the red nerve fibre gradually recovers its powers of 
perceiving the red element m the vv Into reflected light, the blue- 
green image fades: away, and the paper again appears white. 

Another example may he loimd m the beautiful, bright 
pink dye lihndamine (see dyed pattern No. 2), which, after 
viewing for a few seconds, gives a bright yellow-green after¬ 
image. This pink colour <>l Uhodaniiiie consists principally 
ol led and violet rays, which stimulate and fatigue the red 
and violet sensitive nerves On viewing a white sheet of 
paper, t bereft ire, the eve pel eeiv es a give,? image, as t he green 
nerve is the, only one left unexhausted, (been is, therefore, 
the “ complementary " colour to pink. 

Hv gazing steadfastly on (lie bright orange it) .lyed 
specimen No. I, and then tuinmg the eyes immediately to a 
white sheet of paper, vve observe a greenish-bine alter-image. 
dn Viewing orange not onlv are the red sensitive nerves acted 
on, hut also the green ncives to a much less extent. The 
nerve fibrils that are left active after gazing at orange are, 
therefore, the violet and also to a considerable degree, the 
green ones. (VnseipientlV, the after-image, or complementary, 
to orange is violot, plus a portion of gigen, wWh goes to 
produce a ifri-i'iunli-hlm<:, as vve have already observed. 

Yet another instance may he found by viewing a bright 
blue such as the beautiful blue seen m dyed specimen No. 
f‘(Night bPue). This gives a red-tmged after-image, due to the 
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fact that in viewing the blue, only the gr< .,1 and \iolet nerves 
are affeSted and fatigued ; consequently the green and violet 
lights reflected frorti the white paper are no longer perceptible, 
but the remainder of the white light, < .•„ the red rays, 
stimulate the active red sensitive nerve, and produce the com¬ 
plementary red image as ohsened. 

The following pairs are complement tines — 


Red 

<iml 

P>IUl‘-*'llT‘ll 

Onvnj't* 


(Invnisli-Mui 

Pmk 

• 

Yellow-eieen 

Ollin-r 


(lieen blue 

Yellow 


Pilnc. 

(! teen \cllmv 


Violet 

(Irn'ii 


Pm pie 

Wllmv-^nvn 

,, 

Cl llllsiill 


11. The propoitionof sftmiibition of the tliree sets of 
colour sensitive nertes may he represented diugiammatically 
by means of curves draw n on the c Inn t ol the solai spectrum 
No. 1, log K, for example, represents the tlnve sensations 
as drawn hy Helmholtz. The lines A. I’., (’,]>, etc, (represent 
the well-known lived lines ol tin 1 solar spectrum. In this 
diagram it will he ohsened that Helmholtz gives the three 
colours, red, green anil 1>1 tic, all equal luminosities The 
sensation of yellow is produced hy the combined action of the 
red and the green colour sensations 1 Itagntm - represents 
the colour sensations Its represented hy lb Kiemg, and litre 
known as ivipmg’s curves. They were made alter a great » 
many experiments, not only with normal colour vision, hut 
with those who were eolour-hlmd. No A, Fig. H, gives the 
curve's of colour sensations as formulated by Clerk-Maxwell. 

It will he observed hy eiirefully»eompurmg these three 
charts representing the three colour sensations, as lonyulatcd 
by these expert physicists, that they all slightly differ, more 
or less, from each other; so that the question ol the exact 
locality on the spectrum of the true fundamental cokmr*scn i - 
sations is still uncertain. 
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Unfortunately ir.' a single chapter we cannot enter further 
into the absorbing study of colour vision, amt must lefer the 
student to thi' several excellent manuals dealing with Colour 
physics. The foregoing pages, however, may act as a useful 
introduction to our subject of colour-matching, and may also 


A B 0 1) K K (l H 



help the colour)*, to understand a little —a very little—of that 
mystery surrounding the simple faculty of perceiving colours. 

For certain abnormal conditions of the eye, of much interest 
to colourists, such as yellowing of the lens, colour-blindness, 
'etc., consult Chapter VI., §§ 46-50. 
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§ 1‘2. Next in impoi lance to ilic question of colom-per¬ 
ception is that o| lho daylight itself, which illuminates the 
colours, [t is always neeessnt\ to p«i\ eaielul attention to 
tin; naf me of tho light emploved m < oloiu -matching, as the 
slightest tinge ol eolom ptesenl m il gi\es to the shades 
examined a deeidedh diltenuit line \ltei a little expelleiice 
m tl 10 careful ex.innnation ol roloms, it will soon he ohsei\ed 
tliat ordinal v dav light is vet y lai hoiu hemg an h 1 < v aI illiiniinant 
as regalds whiteness and iiniloinnt\ ol quahlv. Some da\s it 
is found to 1 >o slighth leddish oi of an mange hut , and at 
other tm los it possesses a piedominanee ol the hhu i and violet 
rays. Indeed, whctc the utmost sennit iho act inac\ is essential 1 ', 
as m many expel nneiits in lelat ion to eolom ph\sk s, the dav - 
light, as a standaid, has to he diseaided as untriistwoithy, and 
the steadier and nioie unifoini light of the electric aie sub¬ 
stituted. It will he observed, hovfevei isee § -)1), that the 
standard of quality of the air light is slightly difteiVnt from 
that of good daylight. Although tin* mdinai \ sunlight cannot 
he regarded as an altogethei ideal illummant lor the scientist, 
owing to its changeable nature, it is, nevertheless, the i*n- 
versal, and, indeed, the only applicable standanl lor such 
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practical colourists at! tin- dyer, colour-mixer and calico printer, 

ft behoves us, therefore, to study caiefully its vivrying*l«oods 
and do our best,under the circumstances. 

§ Id, Pure Daylight. -The white diffused daylight in 
early summer (abftnt the month ol May), and coming from a 
northerly direction, has been chosen, among coloutists. as the 
standard of a good, pure da\ light, as it possesses the ueijessary 
whiteness and purity for showing all eoloius m their truest 
aspect The reason \yfjy the* imi-th light should lie preferred 
is because the light coming I mm that direction is always the 
steadiest, anil, being thoroughly mixed or “diffused,” is ol a 
purer and winter quality than Imm the other directions. 

Mr J \V. I awiliond lias shown in Ins valuable work on 
the J/ nis a i‘t‘ in * at <>i l.njlit u ihl t'olour Si ftHiilions that there 
is no light so pure and white as that hunt a white mist sea 
fog!, and lie adopts it as Ins standaid normal white light. 

The light 1 1 11 ict I \ li an si i ut ted 1 1 mu the sun is ol a “ warm,'’ 
or orange tinge; while that letleeted tinman open blue sky 
has a predominance of ihe lavs found at the other end of the 
spectrum, namely, the blue and violet. These two coloute(| 
lights, the orange and Ihe hliush-v inlet, are complementary to 
each other, and when they ate comhined or “ diffused I’ to¬ 
gether the result is a pine white light 

Complement!!! v coloured lii/liht, it‘will lie remembered, 
• produce whiteness, while with complementary coloured (///c.s, 
or /m/cunikx, greyness or black is produced It will he ob¬ 
served, therefore, that the ordinary diffused daylight is gener¬ 
ally of a, very fair quality of whiteness, and well suited for the. 
examination of colouis. * 

The,flight ref he. ted Irom a white or |>ttre grey sky, from 
a bank of white cloud, or that transmitted through certain 
degrees of mist often prevalent m Scotland, arc all of a good 
wjuteopmlity, well adapted for the purposes of colour-matching. 

§ .14. The best month for good sunshine is May, when it 
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reaches its maximum amount for the year. June, July ami 
August arc the next host months for quantity, hut generally 
towards August the atmosphere and the light become hazy 
and duller m quality As might he expected, the darkest 
month ot the year is November, when the sunlight reaches 
its winter minimum The sunshine vhaij i('presented m*Fig 
1) has been prepared by the wntel fiom tin* a\eiage results 
of some thirty observing stations throughout Great Ihitam 
and Ireland. The sunshine thVuighout one Near, 1 counting 
the total as 100, was found to he as lollows - 


January. 

Febtuar) 

Maifli. 

\ j»t 1 1 

Ma\ 

Juno 

3 

7 

15 

21 > 

40 

:,i 

Julv. 

August 

Soptembei 

(.)< to 1)01 

Nnvomboi 

1 >01 embt' 

05 

78 

HO 

95 

97 

100 


From these figures it. will he observed that, of the total 
sunshine for the whole year, the month ol 


January gives 

3 per cent. 

Jul\ gnos 

1 2 per t out 

Februaiy ,, 

4 

\ IlgUst 

1 1 

March ,, 

H 

Soptemlau ,, 

8 

A pnl 

11 

Ootobei ,, 

9 

May 

14 

Nmomboi ,, 

2 

Juno ,, 

13 

Doiembet ,, 

•1 


Total lot) 


From the above can he drawn the chart, Fig 1), which 
show's it a'glanee the varying pel ventages of sunlight Cot 
the months of the year, it might almost he taken to repre¬ 
sent not only the quantity of sunlight, hut the ijiiiilihj, or 
purity of the light lor colour-matching pm poses, as the best 
months for colour examination aie*fioin April on to August, 
and the poorest tnyi those where the daylight is seafi/e and of 
inferior quality, namely, from ()etoiler 1 on to I teccmber, January 
ail'd February. From the chart it will he observed that there 

1 According to Mr. H. N Dickson, t 1 .1S K , m Tinne. Sen(n”j> l 

A . 0 'or., 1893. 
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is a decided minimum m winter, from .November to January, 

then a steady increase through the, spring months to''the 

maximum m May, i <■, 14 per cent. Then tliere 1 comes a 

secondary minimum m June and July, to another maximum 

m August, when there follows a great fall trom Id per cent.'to 


* £ < *?. 


1 i 

1 5 
12 

1 1 
10 

s 


1 • 

•5 
2 
1 
0 

Fk. 1) —Sunshine ( h.ui, shotting jteieeiiuge <>f sunsIidic throughout 

* the \e.u loi < 5re.il Ih itam 

« 

8 percent, in Scptt'mln'r. A slight m< iva*‘ in October is fol¬ 
lowed by the fall to the winter minimum in November, the 
darkest montli m all the war 

*tj 15. Diffused Daylight, i'lie matching id colours,especi¬ 
ally dyed on wool and silk, is a most difficult task in the dark 
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months of the veur ; but the dyer it ml colour chemist can re¬ 
ceive "invaluable aid during such times from the electric arc, 
the Dufton-( bird tier improved matching light, ami also the 
magnesium light Those, however, mil he considered m their 
proper places amnii” the Artificial lllitjmnants (see Sjij 57-S 1 .)). 
[t will he observed, therelore, tiom what has gist heen stated, 
that the ideal daylight for the cnloni -malclim is a north light, 
during the clear months ot Mat and dime, Ma\ espcytallt. 

But, millii tunatelv, all practical coloiji tsts, such as d\ers, 
cahci i printers and colon i -i m\ei s, cannot wait lot idea! w eat her 
to match their various shades, hut must make as peileet a 
match as possible all the real iomul, and in all soils ol day¬ 
light and weather. It is lime that nmyt) ot the dlffiniltt o| 
eiilotti mate 1 1 tut; is impel lenced. as in.iii) ol 11 u 1 d* do ale I as I non 
shades ale found jo alter ennsidm :i hi \ in I lie different. ‘| mill tips 
of daylight The u liter, lor example, has oil mi ohs, i red that 
two shades which appeal a perleei match one dar rr ill appear 
“off the mail h " the next dnv . and this dillimiltr, which 
sometimes ptores exaspeiat iml’. is expmimieed rmr often hv 
-ilk dvers. Shades r|\ ml op silk, as rr e shall phsm r e I a lei on, 
are nu >ro smisitir e to I he i halites m I lie ' pi.dll r ol I ip 1 1 1 I hall 
thosiMvcd on atir olhel lilac (see p 3.S- 1 1 ) 

Idle iollowing lew hints, with the assistance ol the ilia- 
crams, mar piece ol mtmest m the selection ol the host light 
tor cnlour-iualcliiiig. 

The micle (big. ID) mar' be taken to Tepiesmit the skv "till 
its tour cardinal points, North, South, Ixast and \\ost If may 
readily he ohserred rrhr' the nottli light is steadim andpiece 
reliable in purity than that I nun ant 'S hm dueet ion 1 he light, 
m heme retiected, v thorotighly mixed oi iflllused. aird at, no 
time of the day can tlime lie loinid the rellowislt oi orange- 
tinged light of direct sunshine. Kiom t lie east conies the moro¬ 
nic sunlight, which is very often nl a ruddy or “ warm hi*e, 
and this changes considerably the aspect oi colours examined 
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in it. From this'direction, also, ^omes the rosy-coloured 
light of the dawn, the beautiful Aurora, which, however 
pleasing it may 1 'be to admire in an aesthetic sense, is never¬ 
theless a most deceptive light to the anxious colour-matcher. 
We shall have more to say regarding this light as we proceed. 
» At midday the sun is due south, and shades cannot be 
matched accurately under its influence; but the light from 
the east, as well as the north, may then be used for colour 
examination. It will be observed from Figs. 10 and 12 
that they are now both well-diffused lights. 



.steadiest aud bost diflusod. 

After midday the sun continues on its course to the west, 
md the direct or transmitted light during this part of the day 
s thy most deceptive to the colourist, as it possesses a pre- 
lominance of the orange aud yellow rays, which alters con- 
.iderabfy the aspect of dyed shades, especially those on silk 
,nd wool. 

During this part of the day, however, from noon to even- 
«g, the light from the north, east and south-east are, under 
ordinary conditions, all well diffused, and of a fair quality of 
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whiteness. It will be observed, therefore?that one window in 
a coldur-matching laboratory is not nearly so serviceable as 
three or four windows facing the different-directions. At 
certain times of the day the colourist ijiust choose the 
windows best suited for his purpose. 



Fig. 13 —Afternoon. 

Simple diagrams showing best diffused liglit during the day. 


Thus, in the forenoon, as will t>e seen from the simple 
■diagrams, Fig. 11, ^he best diffused light comes frofn north 
and west; at noon, Fig. 12, when the sun is south, the best 
light comes from the north and east; in the afternoon, Fig. 
13, the best diffused light is the north, east and soutfi-e^t. 
They may be tabulated as follows :— 
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I text If. fj used fAjht’i fin Colour -Matching. 

Fig. 11. Forenoon = North an5 West. 

,, 12. Noon - North and East < 

,, l 4 ). Afternoon - North, East and South-East. 

From tin* above*wo learn that a north light is the best for 
cnlour-liiatdiitttt throughout the whole <lav. 

" § Hi. Direct Sunlight. -The excess of red and orange light, 
or what aitists term the inirnilh, m direct sunlight, Kts long 
been observed by colourists, and its effects on the aspect of 
colours, especially those died on wool and silk, are very 
deceiving. Colouis belonging to the less refrangible end of 
tlu> speed uni, os the leds. orange and yellows, are all 
heightened and yellowed when illuminated with it; while 
those belonging to 111 < olhei end of the spectrum, the blues 
find violets, lose then ideal blueness of line and appear duller 
and redder A line senes ol lines named mauvex, winch 
are violets ol a bluish east, when Mewed in direct sunshine 
appeared more like a class ol magentas. The blue rays 
reflected i>\ all such colouis as \ inlets, pin pies and mauvos 
are lost in dneet sunlight, and the predominance of orange 
rays in the light gnex them the appearance ol bluish reds 
or magentas h’tir this reason some of the linest colours, 
such as crimsons, blues, bluish pinks, violets and others of 
tills class, cannot be properly examine;,! m the direct rays of 
the sun. The effect produced is similar in kind, though 
‘ liiueli less m degiee. to that of an ordinary artificial llluiui- 
nant, and is caused by the deficiency in the light of the blue 
and violet rays, which ale necessary to show the true aspect 
of all,colours. 

( 

Ordinary white sunlight, as the reader is aware, consists 
of a marvellously balanced mixture of differently coloured 
lights—red, orange, yellow, green, blue and violet; but if 
the proportions of any of these coloured rays be altered or 
interfered with in the slightest, the resultant light is not 
white, but coloured by the predominating rays. 
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Thus, if a small port^ui of the red afnl orange ra\s hr 
separated or detached from white sunlight,. the remaining 
rays comliine to form a bluish 1 1 of,t If some of the Idue 

and violet rays he separated from white held, the testiltanl 
light will have a led or orange tinge., due to the predominance 
of these rays. li is owing to this sepal at ion, or what is* 
termed '* mtoiferenco ’ of the blue and wolet ia\s in the 
light passing through the atniosplieie. that there exists an 
excess of red and orange i a\s m'tlie tiaiisinitled sunlight 
The denser the atniosplieie is, the gieater w ill he the amount 
of blue anil violet light separated, and tsonseipiontlV the ieddei 
will lie the transmitted light. This may In ohsei \ ed in the 
redness of the sun during a dense log. ot w hen it is low on the 
horizon, as at sunrise, and sunset. ( ridel dneel sunlight 
blues ol a somewhat leddisli line heeoine ledder, appioa.idung 
move a blue Mob t,. w fule \ mleis lose then pi opoi ()«n ol blur 
and appear like the pill plisli m red \ inlets 

Various Ihm 11 1 1 1 11 1 compound oi t, ■ 1 1i;t i \ shades, suidi as 
soft greys, hulls, dial's, dines, sages, He . show a. considciable 
difference m appearance in dneii sunlight, as lhc\ lose their 
blue and Molet eonstituents. Hut one uihantage ol the led- 
ness of duvet or (t ansniil led sunlight is the laet that it brings 
out certain little peetiliantics ol hue m many colours, which 
might otherw ise escape detection The oi ange-t mged light 
brings them out moie dislineth. Thus, yields haung a * 
bluish cast, win'll compared with those having a reddish east, 
m a white light show peihaps \erv little distinction, Iml m 
the direct sunlight tliev show a much gieatei divergence in 
hue; tile blue vmlvts become deepe* and dill lei. while' the 
reddish violets appear clearer and redder. * 

The slight, differences between blue-givens and yellow- 
greens, or between reddish blues and greenish blues are, much 
accentuated ; the blue-greens becoming duller, while tli£ 
yellow-greens become brighter and yellower; reddish blued? 
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become.redder in 'hue, while the greenish blues keep a clear 
green-blue appearance. Similar changes in the c aSpect of 
colours, but iiv a much greater degree, are produced with any 
of the artificial illuminants, such as gas or lamp light, which 
possess a great excess of red and orange rays. These, how¬ 
ever, are specially considered in Chapter VIII. on the artificial 
lights. c 

As every practical dyer and colourist knows, there are 
many compound shades, especially those dyed with aniline 
colours, which are very sensitive to the slightest tinge of 
colour in the daylight. A few such shades will be found in 
the dyed pattern plates at the end (see especially Nos. 6, 7,*&, 
13 and 14), and if the reader views them first in good white 
light, then in direct sunlight, he will he astonished at the 
differences in their appearance. Dyed colours on silk and 
wool are far more liable to alter in hue, under such conditions, 
than the insoluble pigment colours painted or printed on 
paper. 

As we shall see, in Chapter IV., the lustre of the fibre and 
the optical properties of the dye stuff both play a part in the 
abnormal differences in hue often observed in dyed fabrics 
under an orange-tinged light like direct sunlight. * 

§ 17. Blue Skylight.—The light reflected from the open 
blue sky shows a predominance of the blue and violet rays, 
and is, therefore, a complete contrast to direct sunlight. They 
are, in fact, complementary to each other. Blue skylight has 
the opposite effect on colour appearances to that of trans¬ 
mitted sunlight. It deepens and enriches those colours 
belonging to the more* refrangible end of the spectrum, the 
blues, uyan-blua, and violets; while the i#d, orange and yellow 
at the other end of the spectrum become dulled and flattened 
in their appearance. The blue quality of this light shows 
maily of the colours to the best advantage, especially those 
• which ofre their characteristic beauty to the green and blue 



DAYLIGHT. 


'29 


light they reflect. There are certain grtjfnish yellows, for 
example, *such as chinolinc or quinoline yellow, uranin, nit- 
razine, aurainme and napthol yellows, which s)jow a heantiful 
and delicate lemon line m blue skylight, which is quite lost 
in a clearer or yellowish light. Many of the beautiful lutes 
of bluish red, such as magenta, crimson, and the pinks derived 
from tli£ phthaleins, Eosine pink, Rose Bengal, Phloxme, 
Rhodamine, etc., appear to advantage m a blue skylight, as it 
shows up their delicate bluish blown which constitutes their 
characteristic beauty. 

It will be observed, front the foregoing, that direct sunlight 
aftd blue skylight arc exactly opposite in their predominating 
hue and in their influence on colour appearances. 

This explains why coloured materials like dyed fabrics - 
wool and silks especially —change so much in their’aspect 
when viewed first m the one light and then immediately in 
the other. The colour contrast of the two lights becomes 
very apparent when objects m nature happen to he illumi¬ 
nated by both of them at once. Thus, an object standing in 
the strong sunshine is itself ruddy, or what artists term 
“warm” in hue, while the shadows, which are illumined only 
by the.blue skylight, are of a bluish violet lute. 

This colour contrast is also intensified by their being in 
juxtaposition. The different lines of ordinary daylight arc 
shown often in snow scenes, and artists know how difficult it „ 
is to represent faithfully the surface of snow, with its many 
delicate variations in hue m its lights and shadows, arising 
from the “warm” direct light and the bluish reflected light 
from the sky. • 

At Fig. 14‘we have a simple representation of the'nature 
of these two qualities of light. (A) represents the spectrum 
of ordinary white light, showing all the colours from red to 
violet in their normal intensity. The letters A, IS, C, D,«eto., 
represent the well-known Fraunhofer lines,which are hivaluabfe* 
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“landmarks” to tip; scientist and colourist. (B) represents the 
spectrum of direct, or transmitted, sunlight, and shows all the 
colours from red to green-blue m their normal intensity, the 
same as in the spectrum of white light; but from the blue to 
the violet end of the spectrum there is a deficiency or absorp¬ 
tion of rays, which is here represented by shading. It is this 
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Fig, 14.—(a) Showing spectrum of pure White light, (n) Direct or trans¬ 
mitted light, showing slight absorption of the blue end. (c) Blue sky¬ 
light, showing slight absorption at the red end of spectrum. 

absence of the due proportion of the blue and violet rays 
that gives to direct sunlight its ruddy orange hue. 

Spectrum ((,') represents that of blue skylight, and shows 
the contrast to that of transmitted light (B). In blue sky¬ 
light the rays from violet to yellow, at the line (D), are present 
in their full strength, but, from the orange on towards the 
,,ked end i of the spectrum, there is absorption shown by the 
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shading. The absence of the red ami orange-coloured rays 
gives to reflected skvligfft its bluish hue From this simple 
•diagram it can readily be understood how blues and violets 
indirect sunlight (B) lose their blueness and appear redder, 
while reds and scarlets appear dull and flat* when viewed in 
a blue skylight like that of (C). 

If, inuring the summer months, it is found that the skylight 
windows of the matching laboratory admit the bluish light 
reflected from the deep blue sky. the slightest coating of a 
pure whitewash painted over the windows will greatly help 



* 


Fig. 15.—Diagram showing (c) reflected and (is) transmitted lights. 

• 

to make the light purer and of a better (juality for matching 
shades, 

§ 18. interference of Light.— Before proceeding further, 
it may be well to consider briefly the cause of this difference 
in hue between the transmitted smilight and the reflected 
blue skylight.* ,, 

In order to illustrate this, let us take a glass beaker or 
tumbler (A) containing pure water, as in Fig. 15. If a beam 
of white light (B) strikes the surface of the water at an angle, 
as shown in the illustration, the whole of the light rays flij 



! ' j. 

32 \ ' COLOUR-MATCHING ON TEXTILES. 

not pass through t^e water, but a portion of them is reflected 
from the surface, and can be seen at Ihe point (C). T-he other 
portion passes through the water, being at the same time 
refracted or bent, as shown at (I)), and can be seen as trans¬ 
mitted light at point (K). The light reflected from the surface 
at (C), and that transmitted through the water at (E), are both 
white lights. 

If, however, we now add to the pure water a few drops of 
some liquid that creates a slight turbidity, a drop or two of 
milk, for example, or of soap solution, or resin dissolved in 
spirit, a “ nnlkiness,'’ or opalescence, is produced. On placing 
the glass against something dark or black, so that the liquid is 
seen only by reflected light, it will he observed that the liquid 
is of a decidedly hhiisli hue ; while the transmitted light, seen 
by viewing through the liquid as at (hi), is of a dingy ornvye 
hue. The turbid medium has “interfered “ with, or decom¬ 
posed, the white light during its passage. The mlinitesimal 
particles, or globules, m suspension in the liquid have the 
power of reflecting the blue and violet rays of the spectrum, 
and these are separated out and reflected back to the eye, 
giving the liquid the bluish appearance. The remaining 
light is transmitted through the turbid medium, and,.being 
deficient m the blue and violet-coloured rays, assumes a dull 
orangv-red hue from the predominance of these rays. In 
other words, the transmitted light is white light, minus a 
proportion of blue and violet light, lost m reflection. In this 
simple experiment, then, we have reproduced, in a crude way, 
the orangy hue of the transmitted sunlight, and the blueness 
of the reflected skylight* due to the dust particles in the air. 

In nature, w^ere we view these colours in their subliinest 
aspect, the atmosphere plays the part of the turbid medium, 
and the denser or more turbid the air becomes, the deeper 
orange or red is the transmitted light. This is observed in a 
.thick fogyor when the sun is setting and struggling through 
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an increasing thickness of atmosphere. At such times the 
.sun assumes a fiery red appearance like a ball of vermilion. 

The beautiful blueness of the skv is attributed to the 
opalescence of the atmosphere viewed against the dark 
background of infinite space through which the world moves. 

We have already observed that if the orange transmitted 
light and the bluish reflected light he re-eombiued, they 
produce again white light. Hence the fair degree of white¬ 
ness of the ordinary diffused lighted' day (see § Id), 

§ 19. Selection of a Pure Light,- l-’rom the preceding 
pages it must lie observed that the selection of a pure white 
light is a question of the utmost importance to every eolour- 
mateher. When the light cannot he obtained directly from 
the north sky, by means of roof or side windows, particular 
attention must he paid to the outward surroundings of the 
colour-matching laboratory. 

§ 20. If, for example, there should he a considerable 
surface of green foliage m the shape of trees, shrubs or fresh 
green grass immediately in front of the windows, the light, 
which enters the laboratory during sunshine, will lie tinged 
with a greenish hue reflected from the surrounding foliage. 
Lighfpof this quality flattens, or dulls, all those colours be¬ 
longing to the red end of the spectrum, t.e., reds, scarlets, 
orange and yellows. Some time ago the present writer had 
an experience with a light of this sort. While examining 
a selection of scarlets dyed on wool, they appeared to him 
much duller than usual, and wanting m vigour. Yellows also 
assumed a flatter or saddened appearance. After some little 
difficulty, it was found that a large tree m front of the match¬ 
ing window was tlie^eause of the trouble. r lhe tree stood in 
the full sunshine, and reflected into the room a light strongly 
tinged with green. Such a light is unsuitable for careful 
colour-matching. In speaking of this, it may be interesting 
to mention that Tennyson^ who was always a keen observer* 
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of nature, alludes beautifully to' the greenish light reflected 
from grass and foliage ; where, on the white chalk roof of the 
hermit's cell— 

TIiogLien light fiom the meadows underneath 

Struck up, and livod along the milky roofs 1 

• § '21. It has been observed, also, that any strongly coloured 

surface in front of the matching windows, such as a red-brick 
wall, or the terra-cotta painted side of a house, when illumined 
with sunshine, reflects a considerable amount of reddish light. 
Not only the outside surroundings, hut also the inside of the 
laboratory may require a little attention. No strong, decided 
colours should he used m painting the walls, hut a soft 
neutral grey will be found to have the best effect lit the 
colour-matching room. 

[u the dark months of the year it is advisable to keep all 
the matching required until the middle of the day. when the 
daylight is at its best. in the months of January and 
February the light in the afternoons, after the sun has set, 
is of a very blue quality, as the only source of light is that 
reflected from the bluish grey sky. When the colourist is in 
difficulty with the had quality of the light, and wishes to 
examine some shades, he will find the magnesium light of 
great assistance to him, if the electric arc or the Dufton- 
Gardner light is not at his disposal for the use of these 
illuminants m colour-matching see Chapter VIII., §§ 57-39. 

§ 22. Rosy Morning Light.—Though every colour-matcher 
and dyer knows that from forenoon to midday is the best 
time, to examine shades, yet this rule cannot always be ob¬ 
served. In the hurry tffud bustle of business, nowadays, we 
cannot'wait patiently till the best part of the day to do our 
matching. During the morning of the dark months, from 
November on till March, the sky is often suffused with an 
o r an'ge or a rosy pink light—the Aurora—which, though 


1 Launcelot and Elaine. 
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beautiful to look at, gives most misleading tvsiilts to the 
colour^matcher. liven an oidinaty coal gas (lame looks white 
and pale m the rosy light of a Nov-elnhei nmming This 
might lie guessed from the ruddv appeal ane* of eveiUhmp in 
such a light : face ami hands assume ipute a ros\ hue. The 
writer had a striking illustration of tin* deceptive effects'of 
this ropy morning light when examining a series ol ihlfcieiitlv 
composed shades Some weredied with the natui al d vest nils, 
while other shades, matching tht- former \elv closely, were 
dyed with some of the anilines. In pood da\held the several 
pairs of shades very eloselv resembled each other; lull to Ins 
astonishment, when examined m the mommy lipid, they 
presented a totally dtlfeient appealanee, and not the least like 
each other. 

For the cause of such differences in the hehavfen of appar¬ 
ently similar colours we must examine with the spectroscope 
tile optical structure of the dvis themselves (See Chapter IX.) 

A pair, which matched closely m pood davbphf, were 
reddish drahs, dyed m I he one case with aiehil, acid imlipo 
. xtract and fustic, and the other with oranpc, patent blue, 
and an aniline red. In the ruddy lipht of the mommp the 
first shade presented a /•«*«•/ appeal anee, while the other, 
dyed with the anilines, appeared a ;|iwnp/( ifntb. Such a 
quality of light, therefore, is quite unsuitable for tile ex¬ 
amination of dyed shades. In two or three hours alter wards, 
when good daylight had fully come, the shades referred to 
closely matched each other. 

Two dyed shades closely resembling in properties, and 
behaviour those just described will b? found in dyed patterns 
Nos, 13 and 14. (fjee Appendix.) 

As such perplexing phenomena are often observed by 
the practical dyer, we have studied them more fully under 
Chapters VII.-IX., when dealing with the aspect of coloqj's 
under the artificial lights. 
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§ ‘23. Prom what has been stated in the previous pages, 
it will be observed that the quality of daylight forms & very 
important study'to every dyer and colourist who endeavours 
to see his shades in their truest aspect. 

Direct sunlight or blue skylight, a rosy morning or a 
sunset, a warm hazy day or a dense fog, certain coloured 
surroundings without and within the laboratory, all* tend, 
more or less, to affect a change on the true aspect of dyed 
colours, by altering the proportions of the coloured rays which 
they reflect. 



CHATTER III. 

COLOUR CONSTANTS - It UK — LUMINOSITY — RllUTY KX AMI- 
NATION OF BIUOIIT COLOl'jtS-Alf) OK TINTKD KII.MS- 
SIMULTANEOUS CONTRAST — M ITCH INC DIFFICULT! KH 
ARISINO FROM CONTRAST 

§ 24. In making an examination of any colour, there are 
three outstanding characteristics, or what are termed I'onstunts, 
which claim attention. These are: (l)/i»r, (2) linuumsitg , 
(3) puritig. 

Hue —The hue of a colour is that excessive predominance 
of one or two of the simple fundamental colours over the 
rest, and which gives it the distinguishing colour sensation. 
In common language it is simply understood by the term 
“colour,” such as a red, orange, violet, preen or blue. The 
purest standard of fundamental colours is that of the solar 
spectrum, where we find them all—red, orange, yellow, preen, 
blue and violet—m their ideal beauty and perfection. The 
greater the predominance of any one of these in a colour, the 
stronger is the hue of that colour; but the original hue must 
always predominate. 

For example, orange is a fundamental colour, but if it gets 
an addition of red to make it too red for pure orange, then it is 
an orange of a red hue; and likewise, if yellow he added in 
excess, it goes off from orange into a hue of yellow. ‘The. pre¬ 
dominating colour alwags gives the characteristic hue ; and, 
with a little careful examination, all the many soft tertiary m 
mode shades can be simplified into dulled or “ broken hues 

A well-trained eye can distinguish the minutest differenoes 
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in hue, which are tt'O fine to accurately describe in language. 
It is here that the skilled colour-matcher and dyer cari per¬ 
ceive differenees.jn the hues of two shades, where an ordinary 
person would pronounce them to he exactly similar. 

§ 25. Matching the Fundamental Colours _In matching 

fundamental colours, like red, orange, yellow, green, blue 
and violet, the colourist experiences little difficulty, r as the 
many dyes of coal-tar origin, with their wonderful brilliancy, 
can supply all Ins requirements Before the introduction of 
the aniline colours, however, it was impossible for the dyer to 
make anything like a match to many of the colours, such as 
the brilliant greens, blues and violets; and pure colours like 
magenta, cosine pink, rliodamme and methyl violet were then 
quite unknown. But the difficulty of the present-dav colourist 
and dyer is not in matching bright and luminous colours, but 
rather the dull tertiary shades, or mode hues, so much 
employed m the textile arts They are often most difficult 
to match accurately, and we shall have much to say concern¬ 
ing them m the following pages For the examination of 
bright colour*! see § 211. 

§ 2(i. Luminosity.- This second colour characteristic, or 
constant, is generally termed the brightness, or the clearness, 
of the colour, ami is distinguished by the amount of light 
reflected to the eye. The most limit trims surface is of course 
while, which reflects all the incident light to the eye, and the 
several fundamental colours have varying degrees of brightness, 
or luminosity. Colours of a totally different hue, such as a 
bright red and a green, may appear equally luminous to the 
eye, and this is found t > he quite m accordance with the 
results obtained by measuring, with a suitable apparatus, the 
relative luminosities of colours. The brightest part of the 
spectrum is the orange-yellow and orange; then come the 
greenish-yellow and the green. 

,' FolloWmg the green in luminosity is the orange-red. then 
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the red, blue-green and blue are all equally luminous; after 
which* come the blue-violet and violet, the lowest in the scale 
of luminosity. The followin'; table shows, according to 
Professor Rood, the relative decrees of briL'htness of the 
spectrum colours: — 

1 Orangeypllow (mot luminous) 

1 Orange. 

(iteenisli-H'llov. and gieen. 

4 Orange-rod 

| Klue-gieon j ^ 

5 : 0\an-blue (e«juul in lunnm>si{v). 

I C'lu'i i \ -led ) 

f Pure rod \ 

(> 1 Ii 1 uo j (t‘<imil :n lumiui>Mt\) 

7 l 11 1 amnrme blue 

8 D.nk red. 
r.lue-\mlet. 

10 Violet (least, luminous) 

We have already observed that when highly luminous 
colours such as scarlet, oiiui“e, \el|ft\, magenta, rhodanune 
and eosme pinks, etc., are viewed lot some little time, the eye 
becomes fattened from the e.vv-s ol hitg1>i-rij$gurcd held, and 
is then unable to distinguish the nice dilteienres in hue be¬ 
tween such colours. The) till appeal duller to tlie eye. h'or 
the (iSatnmatioii of such Inimmuis coldifts see if 29 

§ ’27. Purity,—The punt) ol » colnm, which is the third 
constant, is its treedcftn Irom admixture with white held, or 
with any other colour 

The purest colours which can he obtained are those ol the 
solar spectrum, produced by the decomposition ol white held. 
If ordinary dyed dolours and paints, which appear pure to the 
eye, he examined alongside then» <nnesponderg spectrum 
colours, it will lie observed how thin and "npovensVied they 
look beside those of the spectrum. No ordinary dyes can 
match, for purity or brightness, the homogeneous colour- 1 
of the spectrum. The reason lor this want ol saturation, or 
richness, in dyed colours is greatly owing to the’amount of 



40 v ccJlour-matching on textiles. 

' ' ' I ' . 

unchanged white l^ght, which is reflected from the surface of 
the fibres, or of the material on which the colours are dyed. 

The white light, mixing with the coloured light of the dye, 
causes it to become diluted and impoverished in purity. 

But a pure colour is not necessarily a bright or luminous 
one, for, as we have just observed, many of the spectrum 
colours, such as blue, dark red and violet, though perfectly 
pure, are not very luminous. 

On the other hand, many dyed colours appear very bright 
and luminous to the eye, and are yet not pure colours. 
Naphthol yellow and picric acid, for example, seem to the eye 
to be perfectly pure yellows; yet, on examination with the 
spectroscope, the light they reflect is found to consist of a large 
amount of red, orange and green rays as well as the yellow. 

The beautiful aniline blues, which seem, to the unaided 
eye, almost as pure as the spectrum colours, reflect a consider¬ 
able amount of red, green and violet light. Indeed, it is 
very seldom we can find among dyes a colour quite mono¬ 
chromatic, unless it he m a strong saturated solution, or a full 
rich colour dyed upon a lustred fibre like silk. 

There is no colour stuff, however, either dye or pigment, 
which has been found in all circumstances to be perjeetly 
pure or monochromatic ; such perfection is found only in the 
spectrum colours. 1 

§ 28. In examining the various dyed colours for their 
'parity of hue, it is necessary to have, for comparison, a series 
of typical examples of as pure hues as it is possible to obtain. 
As already stated, the solar spectrum gives the perfection of 
hues'in their ideal purity*; hut, as dyed colours cannot be made 
to matoh those pf the spectrum, and as the spectrum itself 
cannot be kept in the laboratory all ready-made for immediate 
reference, it is more practicable for the dyer to have a set of 
dyed swatches of the purest hues that can he selected, and dyed 
qfl a fine lustred fibre like wool or silk. These fundamental 
colours can he made to range from “the extreme red, through 
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the various gradations of scarlet, orange-jelloV, etc., on to 
violet. • Such an artificial spectrum of dved hues can he con¬ 
veniently kept for reference and comparison, as occasion 
requires. It need scarcely he mentioned, alsp, that standard 
colours of all varieties must he carefully preserved from strong 
sunshine and dust. , 

§ ‘29. Examination of Bright Colours. -If highly luminous 
colours, such as magenta, orange, scarlet, bright pink, etc., 
be viewed in a good light, it is toiiud that the eve becomes 
dazzled and fatigued from the continued action of the bright- 
coloured light upon the sensitive colour nerves of the retina. 
When the eye is m this fatigued condition it is unable to 
distinguish the nicer differences m hue among the colours 
examined, and requires to be restored to its normal condition 
again, either by rest, or by viewing the colour complementary 
to that which has produced the fatigue. 

For example, when a number of highly luminous colours, 
such as scarlets, rhodamine pinks, orange, etc., such as found 
on dyed pattern plate 1 (see Appendix),are viewed tor some little 
time, it will be observed that they become gradually duller in 
aspect, and many little differences m depth ol tone and hue, 
whiefy were perceptible at first, become no longer Visible. 

The colour nerves, or “cones,” of the retina sensitive to 
the red rays have becrfhie exhausted from their over-excite¬ 
ment, and are no longer able to respond to the influence of 
the red light; and the eye spontaneously calls up the com¬ 
plementary colour, namely, greenish-blue. (See Chapter I., 
§ 10.) On turning the red-fatigued eye to a sheet of white 
paper, a greenish or bluish-coloured•alter-miage, or impres¬ 
sion, is visible. o * 

This “successive contrast ” of colours, as it is termed, is 
observed after viewing any bright hue, and arises from that 
sympathetic action of the colour nerve fibrils, or ctsies, 
present in the retina, as already described m § 10, jfcge H 
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When the colpurist lias a number of such bright hues 
before him to examine, it is necessary to provide for this eye- 
fatigue by havjng a piece of material beside him of a colour 
complementary to those he has to examine. When the eye 
becomes fatigued, a short look at the complementary coloured 
material quickly restores the eye to its normally sensitive 
condition. 

Tins phenomenon is well known m dyeing and textile 
departments, where bright colours have to be carefully ex¬ 
amined for a lengthened period. In the Turkey-red ware¬ 
houses, for example, those, overlookers whose duty it is to 
inspect the dyed pieces are supplied with a piece of green 
coloured material, at which they must gaze occasionally m 
order to restore the letina to its normal colour-sensitive con¬ 
dition. 

The following eoniplementaries may he found useful for 
restoring the eye when colour latigued 


Hiit/ltl Culoins mid thvir ('oninlniicitfai w s. 


(IrciMi-bliH’ is c-omplriiienu: 
Tur<iuoise-blue ,, 

Blue 

Violel-bhie ,, ,, 

Reddish purple ,, ,, 

Bluo-giceu ,, ,, 

Green ,, „ 


S’ to Reds and Seal lets. 

,, Oiauge and ()iange-yellow. 
,, \ ellow. 

,, Greenish-yellow. 

,, Knii‘1 aid-green. » 

,, Crimson 
,, KJiodamine pink. 


If we gaze for some time on the bright colours to he found 
on plate I of dyed patterns, f.e., (1) Scarlet, ('2) Tthodamine 
pink, (8) Red, (4) Orange, the eye will readily experience 
colour-fatigue ; and, by viewing a sheet of white paper im¬ 
mediately afterwards, t the complementary hues, or the 
“successive contrast" phenomena, will be observed. 

§ lit). Aid of Tinted Films in Matching, —But a much better 
method of examining such bright hues, whereby the discomfort 
of eye-fatigue can lie avoided, is by viewing them through 
( £iass, or 1 a gelatine film, tinted blaish-ijrcen. By looking 
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through this blue-green coloured medium-‘he eye is relieved 
of any fatigue, and, at the same time, the colourist can make 
much better examination ot the colours hi this way a 
more correct judgment is obtained, as the bright hues are 
so “saddened" down that they can be Me wed leisurely, and 
many little differences in hue and unevenness, or imperfections^ 
ill the dyeing or printing, can be detected, winch would other¬ 
wise escape the naked eye. 

As ail example ot how much (jianged in appeaiance the 
brightest colours become, when viewed through a green film, 
we may cite the following: — 

A 'annul Calvin. .i'/'o'/ i hi, In Him Pi-mr. n I'llm 1 

Bright Scarlets . Sell similes of Brown 

Oranges . . .. "1,1 in,1,1 

Ensures |l#|lpwislU . ,, Pinkel,-blown 

Eos,ties (l)Uusl, i . ,, M.ig'-ni n ,,r 11,si \ mints 

Khorlamme Ihnk , 

Hose Bengal . „ iiol.lt !> \ mien 

I’liloxine r 

Purplish Iteds . ,, ., mh Pen \ minis 

The brightest and most dazzling <>f ml.mis, such as the 
rhodamine and cosine pinks, which leaihlv latigue the eye, 
are transformed, under the gieen-tmted medium, into beautiful 
shades of blue-violet, that can lie examined leisiuel_\ loi any 
length of tune, (hi dyed pattern plate I. m Appendix, aie 
four bright colt nil's, w bid’ll, it the dyer examines them thinugh 
a suitable film, will illustrate the. cited. 

No. 1 is changed to a brown, •> into a soli Mold, :( into a 
dull maroon, and 4 into a suit, old gold or eiuna-ttloii shade. 

As we have already staled, in § till, the most luminous 
part of the spectrum is that extending fiom seal let and mange, 
through the yellow to the ycltoiv-greeii l'. theivl.hv, we 
have a coloured film, or glass, which absorbs this blight poi- 
' tion of the spectrum, we will have a suitable medium for 
examining all highly luminous colours. 

1 For tile absorption spectrum of tin- green Him f '8- h' 44 
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The writer finds that gelatine films, coloured with a solu¬ 
tion of the blue-green dyestuff, technically known as China or 
Malachite green (tetra methyl diamido-triphenyi carbinol 
oxalate), admirably suits these requirements. 

By examining the absorption spectrum of this dyestuff, 
, as shown in (B), Fig. l(i, it will be observed that it absorbs 
the most luminous parts of the spectrum, ranging from cherry- 
red, orange, yellow and yellow-green. It transmits a little 
extreme rod, and all the green, blue and violet rays. 

Such a tinted medium will be found of much service to 
the 'colour-matcher when making a careful examination of 
his bright pinks, reds, yellows and oranges. 

§ 31. Si-MiiltaneoUH Contrast of colour is another in¬ 
teresting phenomenon requiring the attention of the colour- 
matcher. Shades may appear considerably altered in hue if 
they are placed m close juxtaposition to another colour, espeoi- 
■ ally if that colour he a bright and decided one. It has already 
been observed, in § 10, that, after viewing for some time a 
luminous colour like bright red, the retinal nerve fibrils sensi¬ 
tive to red become, exhausted and inactive, while the other 
two colour nerve fibres, i.«., the green and the violet, act 
together and produce the sensation of seeing a complementary- 
coloured, or blue after-image. In the same manner, if a small 
piece of white paper be placed m the’middle of a bright red or 
scarlet coloured ground, the white paper assumes a bluish 
aspect. If the ground he of a bright rhodamme-pmk, the paper 
will assume a green tmge. If a green coloured thread be 
placed upon the same pink ground, the green will appear of a 
much purer and brighter hue, while if the same green thread 
be placed upoiw an orange ground, it will assume more of a 
bluish-green hue. 

Again, if a carpet or calico print pattern consists of a 
serifcs of black spots upon a bright green ground, the black 
„\vill appfear to the eye of a reddish or rusty hue, and not a 
pure 1 black; but if the ground be a red one, the black will 
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assume a bluish-black appearance. Such rUfferences or pecu¬ 
liarities *are greatly intensified if the coloured materials be, 
strongly illuminated. 

It may readily be observed, therefore, that the colourist* 
who matches Ins shades in (dose proximity to bright colours, 
will bften experience some difficulty m getting the exact, 
shade dssirod. They must he slightly altered, more or less 
according to tin* influence of colour contrast excited by tin* 
bright colour m juxtaposition, • 

It was phenomena like these that gave rise to complaints 
ami difficulties m the selection ol the right shades for some 


t B <1 I) E F (i II 



(A) Solar spectrum. 

(B) Spectrum of a gelatine lilm dyed with China green, showing absorption of 

the luminous lolours of the sped rum, if, from starlet and orange 
to yellow-green Hence its use as a medium foi examining blight 
colours (See ^ 30.) 

of the famous (lohelms tapestries in the royal manufactories of 
France. Complaints in regard to certain colours had been 
made, and the matter was brought under the notice of (lie 
eminent French colour-chemist, M. E. Chevreul, who was 
then director of the dyeing department. In Ins valuable 
work on the Priori/des of tin 1 Harmony mol Contrast of 
Colours, he tells us that “ while lib was endeavouring to 
discover the cause ^>f the complaints of certain pigments 
prepared in the dyeing laboratory of the (lohelms, he soon 
satisfied himself that if the complaints ol the want of 
permanence in the light blues, violets, greys and brawns 
wgre well founded, there were others, particularly those of. 
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tho want of vigour in the blacks employed in making shades 
in blue and violet draperies, which had no l'ouhdation ; 
for, alter prortinng black-dyed wools from the most cele¬ 
brated French and other workshops —and perceiving that they 
had no supenoiitv over those dyed at the (iohelins—he saw 
.that, the want of vigour eiunplaincd of in the blacks’ 1 was 
owing to the I'olnur nr.ii In /Arm, and was due“ to the 
phenomena of miilrosl of rulmi 

(,'hevieul then saw that, to lullil tile duties ol director of 
the dyeing department of the (hilichns, two quite distinct 
departments claimed Ins attention -one the chemistry of 
dyeing, and the other the study ol the modifications ot colour 
due—as be has since taught us—to the law of contrast,. 

^ d'2. .V colour mav appe.ir rich and saturated m one pattern, 
and vet appear dull and wanting in wgmu when put into 
another pattern with a dilfeleiit scheme ol colouring. Dyers 
and colonr-inatehers have olten learned Ironi experience that 
their colour recipes inquire to lie slightly modified to suit 
different, mlnmcd patterns. Some ot the colour ingredients 
lmvc to he increased, or diminished, m order to adjust the shade 
to its required aspect, if it is to he placed in juxtaposition to 
some l)ii”1 1 1 oi decided colour m the pattern. *• 

Cltcvreul cues us an instance of this, w Inch is, no doubt, a 
common experience w ith every practical colom -matcher. A 
printing linn had a very good recipe for making a bright 
green, which was always found to he successful until, in one 
pattern, it appeared considerably yellower and wanting in 
green, It was found, however, that the poverty was due, not 
to the green colour itself, hut to the influence of a blue ground 
on winch if wt.s printed. The blue, lyv effect of contrast, 
tended to make the green yellowish m appearance, and it 
was only after an increased portion of blue was added to the 

4 

. 'See preface to Chevreul’s Pi maples of the Hen many and Confiast of 
tCPlouis. 
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green to counteract tins ell'ect that the p»rccn assumed its 
usual bctiuty. 

In matching textiles m which there are a nirmherof bright 
ami decided comus m juxtaposiiion, it is unusable to diaw 
out a few of the eolmired threads ol the fabrics, so that 
they In ay he isolated lioni the ndluencf! of simultaneous eon-» 
trast. A more successful match can theieby be obtained. If 
threads cannot he removed from the Inline, then the eolottr- 
mateher will liml much help h\ ertiplov mg small grev-tinted 
masks such as represented in big 17, or pieces ol neutral grey 


P 

LJ 

NEUTRAL GRET 


Fig. 17 — (Jroy mask for isolating column when malt lung on lnightly 
dyed fabrics 

paper having a small hole m the centre. One of these can he 
placed on the textile faline over the colour winch is to be 
matched, and the observer sees only the necessary eolour,sur- 
rounded by the neutial grey of the nutsli. 

By this simple device the colour under ‘examination is 
freed from any surrounding influences of contrast. The 
masks may be tinted light grey, mid, or deep grey as desired. 
In matching dull or sombre-coloured fabrics, where all tl^> 
shades in juxtaposition are of a subdued tertiary nature, such> 
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precautions are unnecessary, as the shades, being all dull, do 
not give rise to any contrast ('fleets. 

Several colourists have investigated the effects of simul¬ 
taneous contrast, or this mutual mlluence which contiguous 
colours exert upon one another, and the results, obtained with 
the more important fundamental lines, are given in the 
following table. 

It, is worthy of note (hat all these results agree perfectly 
with the Youiig-ilclmliolt;., or red, given and violet, theory of 
colour. (See § 1) ) 


Cutouts III fit I tll/IOSlt IO 

I .1 


Red 

\ (hango 


Rod 


\ \ ellow 
!. I l! ' ,! 

\ Hhio-groeii 

\ 


5. I 


\' 2 . 

1 5. 

14. 

15 ;l 

10. 


('Iiitmie line to < outlast. 
inclines to bo puiphsh 
,, yellowish 
,, purplish. 

,, gioemsh. 

,, bnlhant 
,, brilliant. 


, Ut‘d 



,, oiange-ied 

\ Hint* 


,, 

,, gieomsh 

1 Rod . 


,, 

,, orange-red. 

1 Violet 



,, bluish. 

1 Orange 


„ 

,, oiange-red 

l Yellow 



,, greenish-yellow. 

| Orange 



„ led-oiange. 

Wlicon 



,, bluisb-greeu. 

f Oiange 


,, 

,, brilliant. 

W’\ au-blue 



,, brilliant. 

f ()range 



,, yellowish. 

\ Violet 



,, bl u ifc-li. 

1 Yellow 


,, 

,, uiange-yellow. 

Wheon 



,, bluish-green. 

/ Yellow 



, ,, oiange-yellow. 

\ Cyan-blue 



,, blue. 

/ Yellow 


,, 

,, bnlhant 

y Ultramarine bine 



,, brilliant. 

1 (lioen 


,, 

„ yellowish-green. 

W$lue 



,, purplish. 

1 (Ireon 



v „ >ello\vish-green. 

1 Violet 


,, 

„ purplish. 

1 (Ireenisli-vellow 



,, brilliant. 

'lViolet 


,, 

,, brilliant. 

f Hlivo 


,, 

,, greenish. 

\ Violet 


,, 

„ purplish. 
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Bearing such facts m mmd, we can unfyrstuhd the danger 
of having in a standard pattern, or swatch hook, a miscellaneous 
collection of shades in juxtaposition with each other; drabs 
side by side with greens, pinks beside blues, or olives beside 
reds. It would be well-nigh impossible to get a good match of 

any toft shade which was m close contact with a bright, 

* 1 

luminous colour. 

Swatch hooks, therefore, should lie so arranged as to have all 
the colours classed together —drabs^ lines, reds, yellows, greens, 
etc., all by themselves—and in this wav I be deceptive effects 
of colour contrast an* avoided In matching certain shades 
m colour compositions where the colouis cannot he separated, 
the neutral tinted mask, as alleady desciibcd, will piove useful. 
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KXAMIN \TION OpCill.oriiS i:\ IllyFt.W'TKIi \\1> TK \NSMITTKI> 
i,lours -kkh’Kit |i'' u stuk \ni> tu wsryitFNcv of 

FIlillKS (IFTK'AI, N VI'I ItK <>F 10 KsTFFFs -I'ol.OI H-MODl- 
FYINU I N I'M ,1 F.NFKS l\ H.XKII I'FATII.Fs 

jj dd Tlji' colours ot lived \,»i ll^ .uni tablles aft' generally 
exam I ill'll I iv t U'i i null 11 fi 1 s11 a 1111 ■ I \ . I iv i'i'II ret i‘il and by tv" hs- 
7 mIIi'iI light. (> in 1 111 ii 1 1 \ uc mi 1 all coloured objects by 
reflected light. The ei ill Hatred lavs, I elleeti'd linni tin 1 sur¬ 
face of tile III 1,1 el la,I, are: focrIU'd bv tile eye ll] Op long 
upon it 

liv the Iw,llril light method, the dual motel ml is 
belli up towaids the light on a le\el w lib the o\e, and in sited 
a manlier that the obsenei sees the enlmireil light trans¬ 
mitted 1 , 11 II Illyt 11 tin- sill lace fillies ol tile mateiial. 

This latter method is sjieeiallv iisehd u lien the shades are 
dark and strong in tone, such as deep navy hf'tVes, Macks, 
maroons, deep nines, clarets, browns' etc 

As these two methods are being continually employed and 
referred In bv every colourist, it may be well to give them 
more than a passim; notice 

RKFI.F.lTKl) bltilir F.X VM I NATION. 

In T?vg, Id we leave an illustration ot an experienced 
colour-chemist in the laboratory matching bis shades by the 
ordinary " reflected light ” method. The rays of light strike 
straight down upon the dyed material ; a certain portion is 
reflected unchanged from the outer surface of the fibres, while 
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the woo], ami is there deprived, by the peculiar and char¬ 
acteristic action of the dyestuff, of its yellow, green, bl'ue and 
violet constituents. 

After underooi.no this proccRH of <il>nor/>ti<in, the light is 
reflected out of the fibre, no longer white light, but white, 
minus its yellow, green, blue and violet rays: which leiives 
only the red and orange or scarlet, to be reflected to tile eye: 
hence the origin ol the scarlet colour. 

In this manner the light reflected to the eye, after pene¬ 
trating to a certain depth ol the eolonied iibies, is similar to 
that obtained by passing the same light through a glass con¬ 
taining a solution of the dvestnlf. 

It must often be observed, howevei, in viewing the 
solution ol a dvestllll. say, for example, Hostile pink or 
Khndaiuine, that, if a way shallow or dilute solution he 
viewed, the pink becomes dendedh bluer, while if the depth 
or strength of the solution lie increased, the hue ol the colour 
becomes much redder, approaching more to a scarlet. 

§ :td This same phenomenon (which we shall consider 
under dieliroisni, § 111 is observed when such dyestuffs are 
dyed upon a tiansparw.it fibre with a good lustre, like wool 
or silk, and compared with the same colour dyed upon a 
less transparent and lustreless filin' like cotton or linen. 

An cosine pink is always t'cddei on wool or silk than on 
cotton, because the light call penetrate to a greater depth ill 
a transparent fibre like silk or wool than m the more or less 
opaque fibre like cotton. In viewing by the ordinary reflected 
light.method an cosine pmk dyed on wool and on cotton, it 
will he observed that the cotton dye is bluer m hue than 
the one on wo'iil, because the light ig the former fibre 
cannot enter to auv great depth, and becomes reflected with a 
bluisljjlme similar to a shallow solution of the dye ; while the 
wj^pl, beii^g more transparent, allows the light to penetrate to 
a greater depth, and, therefore, when it is reflected it assumes 
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more of a red line, Inning had its hluer -ays absorbed m it-, 
furthe* passage tluSRigh the dved fibre. 1 In this maimer it 
resembles a greater depth ol the d\e solution. 

As the lustre and Uans'paienev ol a. tilin' allert, to a event 
decree., the aspect ol the dyed colour, and increases the dilti- 
Clllties 111 coloiir-imitehing, they will he considered specialty 
(see Ip! 37. AH), 

3.7 Transmitted Light Examination. This method, 
winch is sometimes lenum} “o»i<ih:ind " matching, is xery 
serviceable toi showing in the eiijn n rest distinctions in line 
which are impeieeptible in the oidmaix iclleeted liglll, or 
“ underhand. method in examining the dm her similes of 
maroons, pure, ehnet, Inowns, imi blues, deep sage-greens, 
blacks,- etc. this method is indeed mdispen-aide The two 
dyed specilinsjtpS under examination ai;oheld up (o {hr Iiglit, and 
the eye, in vie w mg all mg the sit id are o! (lie ma M ml. sms only 
the coloured light, w liuiti is 1 ransinil ted ihiough I lie fibres on 
tin* surface, as shown in Figs, ill and do In tins manner the 
slightest v;u iatlolis :«( the line ol the \c| \ deepest shades call 
readily he obseived, which it would he impossible tit delect 
by simply looking flow n and new mg I lie inalei nils I mm aho\e. 

hi Fig. I'd tin 1 deed swatches am pul oxer the linger, and 
the eye ol the colourist at (Al mitelas |he beam of light (IS) 
which is transmitted aemss the dxed lilacs, in Fig. lid we, 
sec the practical colourist holding|ip to the light lus linger, 
over which are the shades he is matching, as m Fig. I'd 

The dyed colotti s also assume a l ielines-,, more resemhlmg 
stamed-glass, which cannot he oUanied by the ivlleeted, light. 
This richness mid saturation ol hl!^ Is owing lo the absence 
of the usual white light, which is always pmsent in letleeted 
light colours, and is, llicivluic, identical in ualmc to the unsur¬ 
passed richness ol coloni observed m viewing st am ml-glass, 
transparent paintings, or cojmued lilms In all lived Tithncs 

1 Tim effect is also mereaicd 1 a the fluorescence of such dyes as the 
Eosines. (See page 0-3 ) 
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there in reflected to»the eye, along with the coloured light, a 
large proportion of unchanged white light from the sturface 
of the fibres of the material, and this white light, combining 
with the coloured light, gives an impoverished and poorer 
look to the colours. 

<■ A simple example of this may be observed m the beauti¬ 
fully rich green light which is transmitted through tin'green 
leaves of a tree when the sun is sliming through them. But 
when the same leaves are \ki.\i d by reflected light, or., viewed 



Fid. ID—Diagram illustrating “ovmlnmd ” or tiausmitU'd light method of 
examining d\ed matenah (\) K\e of observer (H) l>neetion of liglit. 


on the surface, the green looks dull and dead m comparison 
to its transmitted light odour 

Tho’surface iff the leaf reflects much white light, which 
impairs the richness of its green colour, and gives to it a more 
or less chalky appearance. If the surface of the leaf lie covered 
with i/growth of minute transparent hairs it will reflect more 
wfiVe light*; and present a silken aspect with only a faint tinge 
of the green, 
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In the same manner, rough surfaced fibres, which scatter 
the incident light in all directions, never dye so rich and 
saturated colours as those transparent and lustred fibres 
which transmit a certain amount of light. 



Fk. 20—Colourist mauliino li\ “ovctlmml” nwlliod 


§ dli. An important teatiliv in repaid to mat. lung by the 
transmitted light method is the fact that the experienced 
textile colourist can often tell •whether a shade is dye(J with 
natural colour stuff's or the aniline dyes ( * 

For example, t the natural colouring matters such as arcHtl, 
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fustic, quercitron «J>ark and others all appear duller and a 
trifle redder, on viewing overhand, when compared with similar 
hues dyed with’ the aniline derivatives, which have a clearer 
and hrif'hter hue when so exanuned. This is especially 
notieeahle in shades of olive made with hark-yellow and 
nidieo-hlue when compared with shades matching them 
closely ami dved with aniline oianye and pel haps wool ttreen, 
Cyanine-hhie 01 aniline yie\. 

All interesting example*)!' this was ohsei\ed in two shades 
of reddish terra-cotta malehni” each Other eloselv on looking 
down upon them One was dved with fustic, a/,o cainimc 
pink and a little aniline "ivy; a,nd the other was produced 
with patent lustfne (a (mow msh-yellow dicstulf) m place of 
the fustic. Thouoh the two shades weie ipnle similar hy re¬ 
flected he|it, 01 " underhand,” tin \ wele found to show a 
considerable diflerenre in line hy tlie "o\ei haittl" examination. 
The shade dyed with llislie showed a yen decidedly yellower 
aspect hy transmitted liyhi tli.m the one dual with patent 
fustme, which piesened an appearance similai to its under¬ 
hand colour Numerous examples miyht he o]\en to show 
how the transmitted h”ht method oi examination may reveal 
certain little optical pccuhaiities possessed In the dyestuffs 

employed. 

Asa rule, the henzidme or dtamuHi flvestuffs j»tve shades 
which look normal In transmitted liyht, hut dyes which 
jhisscss an) striking optical properties:,; such as fluorescence 
or dichroism see II, hi', appeal shchth altered m hue by 
look|/i” throuitli then siirlacc lilacs In transmitted light. 
For uistanee, a Ini^ht V'osHte, which is strongl) fluorescent, 
shows'a more tirang.c oi \cllowei aspect when viewed hy 
reflected light than hy overhand 

This is minis to the orange hue of Us tluorescenee show¬ 
ing; itself, ami mingling with the reflected held colour; while, 
b;^ viewing overhand, the transmitted light contains none of 
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its fluorescent colour, hence the observer sees, m this way, 
the blrtish hue of the ensure. 

In a similar manner, dveis must ha\e olisciyed that in 
matching a dichioir colour like nirthv bunjet HU . its hphtei 
tints appear somewhat blue! by oveihund than hv viewing 
dovUi Upon them The light, which is lelleeted Imm the 
dyed i.,atonal, has entered to a cjitisideiable depth within the 
fibres, and, m dome so, has become lobbed ol mom nl its blue 
and violet lavs, which pmdurey a,» increased redness ol hue m 
the coloured belli so lelleeted ll theihed material be ol a 
velvet or cut pile siirlaee, this seleilne absoiptam of tin' 
blue and violet ia\s is meieased la the ri'pealed lelleetions 
Within the Intelsir es ol the tittles, and a niiieli ledder 
hue is [irodueed In viewing the dual maleiiai l>\ mve- 
hainl or transmitted light, this phenomenon ol selective 
absorption does not come into pin\, and lienee its mcrlmml 
aspect is slightly bluer than when loo lone st ought, down 
upon it 

Such phenomena ale better observed when (ompamiga 
colour dyed on a plain surface with tlint, ol a cut pile <11 velvet 
surfaced fabric (see § Hll), as the repeated teflerfions within a 
velvet pile give rise to diehl'oisni 

In a similar manner, a tint ol udlow hull, dual v ith luslie 
extract and a cochineal* junk, looks much mddei hv reflected 
lieht, oil a velvet pile, than hv ovei hand, owing to (lie actum 
of selective absorption oertminp within the depths of the 
■dyed fibres. 

It is impossible to pet a colour, either a yellow, (utrme, 
russet or olive, havmp fustic as the udlow constituent, to 
match by “oveihapd " smulai colours dvrh with the aid of 
aniline yellows. 

Shades produced with fustic have always a peculiarly 
greenish flat hue |by transmitted light, which eofltrusts 
strangely with the rich clear yellow tone ol similar shlfdes 
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having an aniline* yellow like naphthol yellow as a con¬ 
stituent. *' 

In this way—and many other examples might he given— 
the transmitted light method of examining colours may prove 
of great help to the dyer, by revealing to a certain extent the 
optical nature of the dyes employed. * 

Overhand matching is certainly the best way to examine 
dyed shades, as the slightest differences which would otherwise 
escape detection can he readily observed. 

In some classes of textile work it is often desired to have 
the dyed shades as dull and “thin” as possible, producing 
what we might almost term a witnln‘il-out-likf aspect. This 
is sometimes done to give an antupie appeaianee to certain 
fabrics-—imitation of old tapestncs, lor example. 

Other elasses of work rc<|inro as lull and rich tones of 
colour as the dyer can produce, and, m order to reach results 
so diverse m their nature, the colourist must select, with 
great care, the dyestuffs to he employed. 

After long experience the observant dyer can tell the be¬ 
haviour and properties <>l most ot his colouring matters, and 
knows winch are the best to employ under the circumstances. 



CHAPTKK V. 

COLOUH-MODIFVINC 1SKI.UKNCKS 1N,I»VK1> TKXTII.KS— LFSTItE 
AND TBANsl'AKBSrV OF FIllltKS -VKI.VKT I'l l,F. SlltFAOK 
—Ol’TICAI. l'KOPKH'I'lI'N OF DYES DICIIUOISM FI.FOUKS- 
CKNCK. 

§ 37. Tlu> matching of similes, cither on the painter's 
palette or on dyed fabrics, is always it painstaking and delicate 
task; but the difficulty of matching on textiles is. to a 
large extent, increased by cel'tam modilwng causes which 
come into play in the dyed labne These are unknown to the 
painter and paperstamer All text lie colon)-pnntei s and dyers 
must have observed the skylit changes in the aspect of the 
shades when dyed on fibres or fahiies of different natures. 
These modifications of Ime are produced principally by the 
optical structure of the fibre itself, or the woven labile, and 
by the optical properties of the dyestuffs employed. 

The modifying influences at work in the matchmy of 
textiles may he divided into three classes, ».<• 

1. The optical properties of the dyed fibre = vi:., lustre and 
transparency. 

'2, Structure of the woven textile fabric = in:., plany or 
velvet pile surface. » 

3. Optical properties of the dyestuffs = 'iz., diclfroinm 
and fluorescence. 

§ 38. Colours dyed on a fibre of good lustre and trans¬ 
parency, such as silk, Ramie, or China grass fibre, and* the 
finer qualities of wool, give a richness and depth of sh&ie 
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which cannot be,equalled in fibres of a less lustrous nature. 
Th.fi f/rfidtfir tlifi lustre anil truus/iareufiy of tin 1 dyed fibre, 
thfi more difficult it in to riuitrli perfectly. Thus, dyed cotton, 
linen and jute are more easily matched than wool, and dyed 
wool, again, is easier matched than dyed silk. Indeed, silk 
„and China crass, or the Ramie fibre, which has a splendid silk- 
likc lustre, are most difficult fibres to match perfectly! as their 
great transparency and lustre give lull play to the optical 
peculiarities of the colouring matters with which they are 
dyed. 

Such coloured fibres are also more liable to undergo changes 



ill hue under the artificial lights. Dyed cotton or lmen, on the 
other hand, being more opaque tihies, resemble the pigment 
colours, and do not show any abnormal changes in hue 
under gaslight, 

il'he property of laxtir, or of reflecting light, possessed 
liy the various textile litotes bears an important relationship to 
their physical tdrueture. The smoother and more cylindrical 
the outward aspect of the fibre is, the greater will be its lustre. 

'fhus, for example, if we take three fibres differing in 
degtoes of lustre, like silk, wool and cotton, and examine 
them under the microscope, it will be ^observed that the 
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silk has a smooth, shining surface like a rod of glass. 
The wod is not so smooth as the silk. It possesses a more 
uneven surface, and is therefore less lustrous; while the 
cotton is still more uneven, and shows a rough, twisted 
fibre, which scatters the light m all directions, and is there¬ 
fore devoid of any lustre. 

The*; characteristics of the different fibres, as seen under 
the microscope, are illustrated m Figs 21. go og an( | 04 



It will lie observed that the smooth surface of the silk 
fibre, Fig. '21, enables it to form threads all closely jllirallcl 
to each other, thus producing a surface having a high reflecting 
power or lustre. 

The high lustre of the China grass, or the Kliea or IUmie 
fibre, is also explained in the same manner, as, from a mieft- 
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scopical examination, it is found to show a very smooth, glass- 
rod-like structure, represented in Fig. 24. 1 . • 

The serrated edges of the scales present ill the wool fibre, 
as shown in Fig. 22, lessen its lustre, by breaking the con¬ 
tinuity of its reflecting surface. Hence, a wool having its 
t epithelial scales prominently developed, such as merino, is 
termed a non-lustred wool; while those having the scales 
lying closer ami firmer to the stem, and thus presenting a 
smoother and more highly reflecting snrlace, such as the 
alpaca and mohair fibres, are termed lustre wools. 



mirrcwcopi’. (A) Moiwriscil. fibre, under micrnseepe 

Cotton, as will he observed u: Fig. 2d, consists of a 
flattened and twisted tube-like fibre, which reflects the in¬ 
cident light, not in any definite directum, hut scattered in all 
directions, thereby reducing the property of lustre. But if 
the cotton fibre he mercerised, i treated with a solution of 
caustic soda, it shrink^ up, and assumes a more cylindrical 
form .vesembliyg silk, shown as (A) in Fig. 23. Hence we 
find that mercerised cotton possesses hiore lustre than or¬ 
dinary cotton, as it approaches more to silk, or Ramie fibre, 
in i^ff physical structure. 

* 1 Drawn from photo-micro prepared by J. M. Arnot, F.C.S. 
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It is well to remember that the more nearly cylindrical 
the structure of the fibre is, the more lustrous it becomes. 
The fibres of jute and linen have a little more lustre than 
cotton because they are smoother, mid more equal m forma¬ 
tion, and thereby are better adapted to reflect the light. 

jpustre and transparency of fibre accentuate the optical 
properties of the dyes. Thus, the beautiful pink dyestuffs, 
rhodamme and eosme, when d\ed on silk, lime a more orange 
hue than when dyed on cotton, owing to the orange fluores¬ 
cence exhibited by these d\es hem;,' appaicut on the liistioiis 
silk, and alisent on the lustielexx cotton. The hue of the 
pink on the cotton, therefore, is somewhat bluer, or less 
cranny, from the absence ol this Ihioiesrcnt light. 

Many similar examples, more or less striking, must Inne 
come under the notice of every observant practical dyer. 

The subject of matching aecursitch d\cd fibres having 
different lustres and decrees of triuispatenrj, and fibres of 
different texture, forms the most dilhcult task that the dyer 
and textile colour-chemist ha\e to contend with. 

Indeed, the same dyestuff when dyed on one fabric may 
appear a somewhat different colour when dyed on another 
fabric of different texture. To make a perfect colour match 
on fabrics of similar nature, the colourist must endeavour, as 
much as possible, to employ dyestuffs having similar optical 
properties to those employed m dyeing the original shade 
required to he matched, {sometimes, where an absolutely 
perfect match is required, the colour-chemist is often at a loss 
to obtain some particular aspect present m the original fabric, 
and he is then the better of the opinion and advice of others. 

In Fig. 2d we have a' snapshot of a colour-matching 
laboratory, where an experienced colourist is giving some 
hints on a difficult point to his assistant (see also §§ 33 and 47). 
They fire comparing the swatch with the fabric to be matched. 

It is, we might say, almost impossible to product in ev*ry 
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respect a /n-rj'irl mutch with some colouring matters dyed on 
different fibres like wool and cotton, or cotton and silk. 

Though they mav appear identical to the unaided eye, they 
may present a dissimilai 1 tv when examined in gaslight, or 
when viewed thmiigh tinted glasses. For example, methyl- 
violet (411) when dyed on cotton is exactly the same hue as 
when dyed upon wool In daylight, if the two he compared 
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side by side, they seem identical, vet, when both are viewed in 
gaslight, the wool looks,'onsidei'ahly rnltlrr than the cotton. 
This is* owing, ij.s we have already stated in § .44, to the more 
transparent nature of the wool fibre, which permits of the 
phenomenon of selective absorption taking place within the 
fibres The light becomes move saturated with red rays 
during its brief passage within the dyed fibre, and this effect 
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is considerably increased in an orange light, stuSt as gaslight, 
where jhe red and yellow rays'are in excess of the blue and 
violet. This property of selective absorption,or dichroism is 
considered specially in § 11. 

§ :(!). In making a careful match of dyed fabrics, the 
colourist will cxpeilcnce much dillicnlty with certain c.oloms 
dyed upon a velvet surfaced 01 cut pile fain 10 Here the 
phenomenon of selective absorption shows itself, produced 
by the repeated reflections of the coloured light within the 
interstices of the cut pile A velvet pile labne is generally 
the most difficult of materials to match siitislactonlv. as the 
optical properties of the dycstulls, espertalh ihi-hnntm (see 
§ 41), become more apparent. The light, instead of being 
reflected from the inside ol the fibre, as m the oidman cases 
of plain surfaced matciials, enters to a considerable depth 
within the interstices of the velvet or out pile, find in so 
doing becomes more and mote enriched and saturated with 
coloured light, as if it were passing thiough a solution of the 
dyestuff. While doing so, the coloured light, undergoes the 
process ol selective absorption, or, citIiini coloured rays 
become more and more ahsoihed, until the light is reflected 
out of the depths of the fibres, getieialh ol a line different 
from its surface colour The neurei any dual libre or labile 
approaches, m its optical nature, to that ol a dye solution, 
the greater will he its liability to change m hue when woven 
into a velvet fabric, and the more liable will the shades he to 
alter under artificial lights 

The deepening and enriching ol tin; eolmu by the repeated 
reflections among the fibres tends more and more to modify 
the original hue of the dyestuff, as the. resulting hue js pro¬ 
duced by the sum t>f those rays which tiaverse the most 
freely through the colouring matter. 

Methyl-violet, for instance, looks somewhat redd<V and 
more of a plum colour, when dyed upon a velvcf surface. 



than when on a plum surfaced fals ie like calico. Many dye¬ 
stuffs show this propel tv in a very marked degree. For ex¬ 
ample, a class oi shades can he dyed with nuplithol-vellow 
and methyl-violet, which are of a moss green shade on plain 
sui faced goods, and ajipear of a > n : // /over,/ shade when cut 
info a velvet pile I hiring the repealed reflections, which 
the light undergoes within the inlet stleesmj t he velvet, the 
green light beeomes gradually ahsoihed, and this pioduces a 
corresponding predominance of the led and orange rays, 
giving to the velvet fabric a much browner aspect,, [t will 
he found, also, that dirhmie roloiiring matters, having a 
tendeney lo tiansinit the led and orange ta\s more freely 
than the hi lie and violel, become ahiuu nially red m gaslight, 
d'his may beobscivrd in met In l-violel, and also m the moss 
green compound shades winch we Jiuvcjiisl cited. The violet 
changes to a magenta hue, and the moss gieeiis become red 
browns and plum shades As allot hei example, we may 
mention two feulTs, one dyed wild lus'ir and a eoelimeal 
red, while 1 he oilier, matching it exactly, is lived with all 
aniline yellow, with a touch of ihodainuie pink. ()n plain 
slirlaeed mateilals, these hulls are ol a yellowish hue, hut 
when cut into a velvet pile thev both become much redder, 
owing to dichioism ol their constituent colouimg matters. 
They also become exceptionally red it* gaslight 

When dyers are matching colours on a velvet pile surface, 
it is necessary to cut the trial swatches so as to form a pile 
similar to the velvet By doing so a more correct judgment 
is obtained, because many dyed yarns appear to match well 
while m the hank state, and yet show a considerable dis¬ 
similarity when viewed m the velvet surlace. 

§ 40. Optical Properties of the Dyestuffs, -Textile colourists, 
and especially silk <///<■«*, often experience great difficulty in the 
matching of their shades. Tins generally arises from the 
optical nature of the dyes in combination with a high lustred 
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film', and is expel lenred mote In hnglit srurn wealhoi. when 
till* ipl.lllty (it tin* lilt) 11U1 1 1 Is apt to In* v :i 1 la 1 lit ll Is I if 1 I'll 
found, fui example, that two shades, wlmli ’have hoon earo- 
fullv matched in thr open an, |ni'si'iit a shnhi hi Ilia, in e. and 
arc mi luiigei gn<*i mulches. vvhcli examined mdnnis. 

Indeed, siweial ti'ttlan m compound shinies ha\r liecft 
ohsrl \ il 1 >\ tilt* \\ 1 11 1 ‘I 1 1 > < Ii.liI lT'‘ Hi I In'll :is|ii'ct v rt nil tutu's 
ihiruiij tin' i‘ni 1 i'sr uf tin Joi/, ami wild! siiali is iln nisi', il 
111,tv I** tiwtlv Wldi'lstowj li"W (1 1 II '.* * 11 11 ll is 111 mall li perfyct h 
with ihcs \\ 1 1 nl i eh,mat' si i i rail i fi in thru: a | >| >i a l ,i I u-i • 

Wo ll,l\r all I'llil \ ftilH l'i >1 Islilrl i d sonir nl 11 li si 111 . II 111 \ mg 
ClltlseS, / r., t III 1 1111 , 1111 \ 'll tin (la \ llgj It, a Mil thr I »| it )(*.! I |n' 0 ll- 

li an tics nl tlio diril li I iirs ci la hi H s, ami ... to give mu' 

attention to two <>|>1 hmI |ho|ioi tics souii'tlinos |iosscssed hv 
the tl\ esttllls theiiiM'Kes, .liaineK , i/o 7 m'"i' 4 : ami //nnroi'i ttrr, 
which ale of t'oiisiilei a.liir ini|ioi laiirr in I In mail him.’ "I sh a ill's 
^ II Ihrl, mien Tills Itl'lel rst mg 1111' | >r I t V Is 111 issmsi'd 
h\ most eoloiiimg 11 i,i 11 1 i w, anil Is o| spit nil mteirsi alii lln- 
|n il'tiuicr to thr 1 1 \ (' I, tile .-I ill .111 -1111 \ I-I anil Utah hel Most 
,{\e solutions 11 1 idi a g', ashpit iliangi III litte when li'illireil, 
oi diluted, I ri in i thru ilerji tones into thru liplitri tints, and 
lliilliv I'oloiiled "stlltfs" I-\ 1 i I III t this ] ll ll IK ll 111 -in III ill IIM'IV 
liiatkeil decree. A heautilul, hut now ohsolrtr dustaill, 
quinoline him'. changes lmm a |>un■ him in a linn m dilute 
solution to a ml in a dee|i in slmtig solution 

Most (hel S will ha M' ohsrl M'd h"W met h\ h\ inlet and nmla- 
clnte, or China gieen, and main tiudme hlues, hrconie very 
lunch redder in tone the deejier ot stiongei the d\r sol'ilion 
is made. Tliev k rail mil I \ lose, as the i !* 11 > t h iota east s, the green 
and blue rays winch aie observable in then (I mnei laveis 
Ill examining the dichroic ]ii'o|)ei ties ol dvestulls, a hollow 
glass prism or wedge is used, into which the-dye solution is 
introduced. By viewing through the thin end ol tlje wt'dge, 
or through one of the angles of the prism, the colour of flic 
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dyestuff in its thingest layer cun lie noted ; while the colour 
transmitted through the increasing thicknesses of dyt liquid 
can also Ire observed, and any exceptional change of hue, or 
dichroic property, is at once made apparent. 

With such a piece ol apparatus it is found that magenta 
changes Irom a blue-pink in dilute solution, or thin la yen, to 
a cherry-red m stiong 01 deep solution, and 1 


I*j<■ iif \ci(l changes from a <Jieeuisli-M How to a pint* Yellow. 
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rat-- heeome iiWic/i,,/, ot quenched, dmfug their passage 
through the deeper lateisol thedVf solution. \s the rayg 
heeome ahsoilied-, the other minuted luts pivdoimnate, and 
lienee the result mg lute ol a deep d\e solution Is produced only 
lit t hose coin 11 red rat s t\ Ineli 11 at erse the most freely thiough 
the solution, 01 , as it were, hate siiivlved in passing tlnoiigh 
the solution This is what is geiilHallt teiiued "seleeliye 
ahsnrptinn, ’ as the dtesl ul'f se/cW.s certain eolouied lays from 
among t he ol hers, and quenches m ahsorhs them during their 
passage thiough the colour liquid or dyed lihre. 

The Same dieliroie effects present m dye solutions are 
observable when the colours are dyed upon transparent fibres 
of good lustre apd woven into teltet or cut pile fabrics. This 
is the reason why certain dyed eolouis alter considerably in 
hue v\ hen dyed on fabrics hat mg a rich velvet pile, as compared 
with ,dit> same dyestuff on fabrics having a "terry ’’ or uncut 
pile, and also on plain surfaced goods such as calico, tapestry 

nr woollen ninth nmtnrml 
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we nave already observed, m ^ HK, HI), .that diehroism 
becom'es apparent m dyed fabrics milt when the fibre 
possesses a sufficient decree of transparency and lustre. 

It is this same property of diehioism tint yi\es rise to the 
slight changes ol hue m a colour when it is reduced, either 
with water, printing paste, or with w lute, to foi m a giadatirtg 
scale, or series o| tints Reds, lor example, when reduced to 
form tints ol red (it pinks, may 01 oft into an orange or huffy 
hue. Blues, likewise, may no* giect-psli or reddish when 
diluted into tints Alt Oldman eolouis and ii\cstuIts, as a 
rule, show some slight nmdilicatloii in hue on ml net K m into 
light tints, hut tlieie are others uhull show it to such an 
extent as to he highly objectionable to the textile eoloiillst. 
The lieluuiour ot a colour on dilution is a question of mueli 
importance, as it often del ermines uliethei a-.'t'Oloiii is .sen liv¬ 
able or not for mixing with others to not a desired result. 

Two yellow s, tor example, in then si 11 ill g tones ell lie) dyed 
upon wool, in m concentiated solutions, nuv appear ulriitieal 
to the eye , hut w lien mixed yy it 1 1 a m tain piopoiiinn of blue 
to produce a giecn. the results obtained may he totally dif¬ 
ferent 

One yellow may gne a burly pine gieeii, while the other 
may give a “ broken " gicen, or nine, on admixture w ill) blue 
Such results arc rather disappointing to the eoloinist, but the 
explanation may he toimd hv reducing the two yellows into a 
series of tints, and it will he found that the yellow yvlncli 
gave tin 1 dull, hiokcn green on ndmi.xtuie with blue, will 
reduce out into a butty or mange tint instead of a pim*lenum 
yellow like the othel * 

The careful cojonrist, when testing tin capabilities and 
mixing properties of Ins dyes, always ieduces them into 
a gradating scale of tints to sec how they behave yin dilu¬ 
tion. On doing so it is often found that the joloiJr does 
not reduce yvelj. It docs not give an equally balanced 
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and harmonious clromatic scale, and may require the slight 
addition ol another dyestuff to keep the senes in a'proper 
step of ynadatlnn. 

Dichroic colours dved upon fabrics are most difficult to 
match accurately, as they are not only sensitive to the shell test 
chance m the ipiality of the daylight, lint, as already said,Oho 
difference m line between llieii aspect on a velvet smlace 
and on a plain surface is very jimiked. 

Many examples nnylit he oi\en, hut we w ill {-online our¬ 
selves lo one insiai ice A class oI Hal olives and moss yovens 
call lie made lay <1 \ elttg w if li fust ic, ol ttuphthol-vellow , and 
met liyl-uolei Such enjoins, m then' hydilcr tints, 

have a yrren sayc aspect in plain sui faced niatenal, while 
on a rich velvet pile Inline linn assume a leddisii-hionzs 
hue, yreal l\ dll lei cut li nut then l< n me) eoloin Snell shades, 
also, do rti.lt I educe well into a. seals, as ||n|t deepel tones 

.. till toil pill plv -led In step well with then much yieeiier 

tints. 

I he le pea ted lellei t lolls yylhieli i lie 11 yd it Utldel yoes ihu Illy 
Its passaye within the inleisti-'es ol the velvet pile lahrie yive 
rise to the pi oecs s ol so loci i ve ahsoi pi ion, m the sa n u* manner 
as the deepel 111 ly ot I lie dye solution alleadv ci nisidel cd. 

i; Id Z- limri mv/o'c. The optical piopettv known as 
fluorescence is nhseived in yioat hcuiitv m main ol the 
aniline ihe-t nils, notahk those o! I lie del n at lies ol I'l a o/'>.<- 
fi'ni, an anhvdiide ot asaciii plitliilem These d vest tiffs 
compiise the hen lit it ill Ivosines, Hose lienyal, I ihndainuie, 

I'lllovuic, etc 

I'htoteseeiice is epmfotHih observed III a solution ot sul¬ 
phate ol ipumrte, m a |iiece ol \ c 11 11\\ “ eanarv " ylass 

coloured with the oxide ol upauium The lorniei, thoueh 
pure a,s w a tel by transmitted liylit. shows a heautllul hlutsh- 
Vtolet ‘ Itylp wilt'll Viewed hy retleeted liylit, and the latter 
appeals a line yiyen when viewed m coital i,i directions. All 
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alkaline solution of IhinvcxeiH posses^ an ■intense bright 
green fluorescence, which is still visible altor homo im¬ 
mensely diluted (1 part in d,000,000 of water). 

The Yellow (hestulf. (%umim (a sodium jail of llnnrosccnvi, 
also exhibits this phenomenon m a ivmaikalde degree. 
Strdngly tlniUVseeiit colours, when dyed upon htglilv lustrcd 
fibres such ns silk and lhinne or China glass, exhibit their 
fluoreseenee . hm if the fibre he a hisiiidess one. like cotton or 
linen, where the rofijah sin face of the fibre seat tei s t lie meident 
light, then this properl \ is destroyed This ma\ leaddy be 
observed b\ comparing the lilies of ihodaimne dved upon silk 
and upon raft on The light inflected I mm t lie dved silk is of 
a more ot ange < aM i bail that of i ho dved eol ion. vv hieli appears 
bluish beside the silk This Is owing to the fluorescent oratlge- 
t'oliHired light ol ihodaimne being lellu-led lioin the smooth 
and shining mile! sitrlaee id file silk , while the dved cotton, 
having no sitch powei of sm lie e i etlei fioii. is i(t v old ol the 
oratigea'oloiired i a \ s I See then mieioseo].i, appeal auec in 
lugs d l-Jf. p. lid 1 

In matching stmnglv flum• .cent shade-, some little 
pei illlai It les ale oliseived vvhleli ale woiihv ol notice. For 
example, a derided dilleiemv in line is oli-iaved between 
then l(‘fleeted light and 1 1 atisiinttoil light aspect \ peculiar 
tone ol violet, ol hellot lope, Ilia V he pi mil a ed In (IV • log Wit 11 
rliodamtnp. m aiiv of I he fltim es < 11 1 cosine ptiik-,, combined 
with anv of the amd gurus, like wool gorii 

On Viewing till shades l>\ | effort id light. i.< . looking 
down upon thorn. tlioV aiont a peeuhailv >' •hh-h hue. and 
change m thfit aspect when belli in valimis dilfoieiit tlliee- 
t ions. 'Pills i eddish* light is ow mg to I lie f ben .scent pi operl V 
ol the cosine pink 

If the shades lie held up to the light and Viewed ''ovitjy 
hand," or if the threads ol the swatch lie held tip and die 
light allowed to Ulter through them, it will he observed that 
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the hue becomes ‘decidedly bluer, approaching more to the 
appearance of the ordinary bluish methyl-violets!' This 
difference in hue between the reflected and transmitted light 
aspects of the dyed colour is due to the presence of the 
orange fluorescent light visible m the former and reflected 
‘from the surfaces of the fibres. In viewing by transnfttted 
light, the orange fluorescence is lost ; hence the colour ap¬ 
pears much bluer or less orange to the eye. 

This effect may he still’furthor accentuated by cutting the 
swatch so as to form a velvet pile surface, or a tuft, similar 
to plush. By doing so, the fluorescent light is seen to greater 
advantage, with the result that the cut or velvet surface end 
appears more orangy than the plain surface or uncut swatch. 

Many similar examples might he given, and it is only by 
studying a few simple cases at first that all such phenomena 
can he satisfactorily explained. The truth of this explanation 
may he tested m a very simple manner by dyeing a tone ol 
violet with a iion-Jhiorwnit dyestuff, to match exactly by 
tranxmitti’d liijlit the violet made by combining cosine pink 
and an acid green. If, when a good match has been ob¬ 
tained, the two shades he then viewed by reflected light, 
ie., by looking down upon them, it will he observed that they 
are no longer matches. The non-fluoresoent shade appears 
much bluer than the compound one, owing to its absence ol 
orange fluorescent light. 
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USE OF TINTED FILMS IN COLOL’II-MATCHIXIi—( Ol.Ofli VISION 
-DEFECTS OF THE EVE VELl.oWINd OF THE LENS- 
COLOUR.BLINDNESS. 

§ 4IS. Use of Tinted Films in Colour Examination, It 

has already boon observed, in § .‘10, Chapter 111., that green- 
tmted glasses or coloured gelatine dims can lie employed with 
great advantage m matching and examining bright colours. 
As the most luminous part of the spnetium is the scarlet, 
orange, yellow and bright yellow-green, the bluish-green- 
t.inted glass used for examination merely acts as an absorptive 
medium, and thereby reduces the dazzling luminosity of these 
hues into a more sombre class of shades, which can lie viewed 
for any length of time without fatiguing the eye 

But properly selected glasses of dilferent colours may be 
■employed with the greatest advantage m the examination of not 
only luminous colours, but of all kinds of shades, even the 
most sombre. By the aid of tinted films, the colourist can 
obtain an insight into the optical properties and peculiarities 
of shades that he could not otherwise gam, unless after an 
exhaustive spectroscopic examination. The writer employs 
glasses, or gelatine films, coloured orange, yellow, green, red, 
cobalt blue and violet, in the study of colour phenomena, and 
finds their assistance invaluable for rfwealmg, at a glance, any 
peculiarities of construction in the spectra of die shades under 
inspection. For example, we might have two bright hues of 
pink dyed upon wool or silk, one dyed with rhodamijie and 
the other dyed with some of the strongly lluoresceivt dytstuffs 
like eosiue and lerythrosine. The two pinks may apffear 
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identical to tjic Imt if they ho viewed through a blue 
given glass, or film, similar to that mentioned m § 40, the 
two appeal somewhat different. 

We find differences in their appearance and optical be¬ 
haviour that could not he detected with the unaided eye. 

»■ The rhodamme pink heroines a solt tone of violet, while 
the strongly lluoieseent eosmo pink appears much redder, 
and sometimes much lighter in tone than the other. 

All cMllilple Sill’ll as this Inis repeatedly collie under my 
obsei val.ion, and, so milked is the difference ol behaviour lit 
the apparently similai lutes, that they need to he seen to he 
believed. Willi cobalt blue, orange and \lolet-tintcd classes 
most mteiestme and tnsl i netUe insults tan he obtained on 
Mewing Ilium ol I lie d\eil 111 o I el lols < lines, sages, drabs, 
old gold shades, and cspci tally the suit mode shades, olteu 
present mteieslniL: examples Ini the investigation ol the 
eolmii isl. 

Two shades ot <>ld gold, loi example, one d\ed with 
naphl lml-yellow. mange and wool gieen. the othei dyed 
with litslfe; mange and met h\!-\mlel. ma\ present the ap¬ 
pearance of an excellent match in da,y Light. and vet when 
they aiv examined tlnmigh oil hoi the orange or the green 
films, they piescnl a wide diff’eienee ill appeal .nice Irolil each 
ot her. I hide i l lie oia nge Inin, the slunk ■ containing the wool 
green heemnes \eiv miieli gieeniu, while the other, having 
the lust e * and Mold, lieemnes vet V mueli ledder. Thus the 
one shade growing given.u. and the othei Incoming redder, 
makes a \ei\ striking dissimdai n \ ol line between the two 
shades, which ueie evidently sinnlai ill tins daylight when 
viewed wit bout'the mloivention of the lilnis 

This peeuluir behaviour ol the dyes! lifts depends upon their 
absorpt ion sped ra . and t he explanation of such modifications 
can b‘e found only alter a careful spectroscopic examination 
ofVhe dyestuff' itself (see Chapter TX.) 
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§ 44. Orange Film. -Ononf tin- most useful tinted mediums 
for such axammntums is tin- orange film, . r.. a pure gelatine 
tilm dyed to a smtalilp depth unit an unrltno orange This is 
found most useful wle n the d\ei wishes to detnmine the 
"gaslight aspect of shade'. 

[tis now heeomillg a question of eoiisideiaide importniiee, • 
when making an aeemate match of anv d\ed mateiial, to 
examine the colours m gits, or any aililieial light, m .inlet to 
see if they show am go at changes * hue Mau\ tiles show 
silt'll a dil'fcleiit-e ill ap|icaRil)i':e imdoi aitiliei.il illuniiiiants 
as almost to exclude then me wluae t aieliil matching is 
regimed 

In on lei to sre. (lining tile dultmio lew an\ died malt rial 
looks 11111 1 <;• t g.tsllghl It Is 1C a llecessai \ I' take It II it I) a 

... illuminated soldi With gaslight \11 licit iei|iin'es to 

he done is to examine the in.tlori.il llnoin.li lie . a a.lige-l inLed 
film, when a ini good idea ol il s gashghl aspocl mil he 
ohtaim d. 

I tile's this rah 1 la trio'll, It m il o||. n he loimd lh.lt ;l 
tint sel It'S ol " stepping ' >>! gi ailal iflg shitjjff's do not preselil 
sueh a s.itlslaetou ei.elation when iieiiod iimlei aitllirial 
light. Tills Is Speelitlh. not I. i'll hlo 11 Ill'll villous month* Is ol 
the senes ate- loinposed ol dilltiout diisiuils See logs 
Hand I 111 llolltlsplel e.) This mien-ting stll,|. t t i|h eololtl 
a [>[ ion 1 auees uiidei the ; \ 11111 1 • i n I ill il Inina 1 it s is mill lliated 
m siilise 11 no 11 1 i Icipii i s (so \ II., \ III. and I \ i 

^ hi 1 1 .flfai lie ml i i t'sl mg to lie, ntlull I li a 1 I Ills lie t hod 

of investigation has lalcU I.. shown In a I npdi srienlisl 

to yield laluahle lesiilis at the mjfsi'uiii ui i’.oi' in deler- 
mimng the mmposuiyn o| pin mils stones. 1 

The results, wlilili haie heen eothiiiUtili aleil 0* the 
Acsdemv ol Heienees, art interest mg, ami slew lew spinnuH 

1 M llcnr\ Crus m hntt mil <l< x Ihlrit s, I’.uim H'i'f 
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gems, though t<j the naked eye identical in appearance to 
genuine ones, can readily be detected. ‘ 

hor exaiAple, the genuine emerald when seen through 
properly tinted > glasses assumes a purplish rose colour, while 
the imitation gem exhibits a green hue, due to the presence 
> of its copper base. The genuine sapphire preserves ite deep 
blue, while the false gem turns a rosy red, indicating the 
presence of a cobalt base. 

The investigator gives a most interesting case where a 
small spherical cup of a sky-blue colour from ancient Egypt 
was examined through the coloured medium. The whole 
cup exhibited a blue colour, similar to that observed with the 
naked eye, with the exception of a small piece near the edge 
which assumed a reddish colour. Tins was owing to the 
small piece used m its restoration not being made with the 
same colour base as the original cup. While the blueness ol 
the cup was due to copper, the small fragment inserted, though 
identical m colour, owed its blueness to a cobalt base. Hence 
the different behaviour and appearance when viewed through 
a properly coloured medium. 

Similar examples of the different behaviour of colours, 
apparently identical to the unaided eye, are of everv-day oc¬ 
currence with the observant colour-matcher and dyer. This 
same method of research, i tlie employment of suitably 
coloured media, the present writer has applied for many years 
to dyed textiles. 

§ 46. Defects of tbe Eye, —In the careful matching of 
colours, it is well to remember that every eye has not the same 
power of colour-perception, and many people who are very far 
from being what is termed “ colour-bhpd ” cannot distinguish 
the finer differences in hues which can be readily detected by 
the good colour-matcher. It has been proved, indeed, by Mr. 
Lovibojid that there may be a considerable variation in the 
dolour-perceptive power between the tvyo eyes of the one 
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person. If the one eve is normal and the other abnormal, it 
is rather Affieult to discover the discrepancy, as the two visual 
images become blended upon the retina Hut, with a suitable 
apparatus, the images from both eyes mav be kept separate, 
and thus anv difference between the two colour-perceptions 
may 1^ readily detected, 1 

§ 475 Yellowing of the Lens —.Vs the ciystullme tens of 
the eye (see Chapter I., § lb grows denser with age. it often 
acquires a yellowish tinge, which, alters coiisidetably the 
appreciation of the him constituent m coinin'-. In ordi¬ 
nary circumstance* this yellowing of the lens tlnough age 
would cause no inconvenience, hut with eolour-maleheis 
and artists the ease is very difteienl, Leibreich has 
pointed out that the cold blueness to he olisencd m the 
later pictures of Turner and Muhvady — the lattel artist 
painted till he was over sevenh veais u| age was due 
to tins yellow degeneration nl the lenses of their eyes. In 
order to see the later works of these aitists as (hey them¬ 
selves would see them, with all their glow anil wamith, 
it is necessary to view them tlining!i a yellowish-tmted 
glass, when they acquire the same nrh scheme of eolour 
as their earlier works. 

It has been noted also that persons who have under¬ 
gone an operation for eatflraet, alter the yellowish lens has 
been removed, complain that everything m nature appears 
to them very blue. After a while, when the eye gets ac¬ 
customed to the white light, this cl'teqt passes off 

It may be observed that many dyers and colour-matchers 
who are well up in years are not so perfect matchers as they 
used to be. A gentleman known to the writer was a splendid 
colour-matcher some twenty years ago, and, from his published 
work at that time, he must have possessed abnormally good 
colour-perception. Now, however, and he is ever sevanty. 


See Measurement </ Light and Colour, by J. W. Lovibond, F.K.M.S. 
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lie has 111 tor hi* <1 in< that h* i sin not make a satisfartni \ match 
with d\ed fahm *• . ih< \( ll"U ui^' '<f th< lenses of the e\e has 
hcroilM too pi • If M 1111H ed 

\s a mii ill .11 < .1 -< in |" »ihl I i- iin ijil>c i ln \ nm si>tti< dis¬ 
cussion with on -Id .iikI •• • j id x i.( « (i • ( »l( tin i>t, wli" w;h also 
an < v r||< ni '«<|<an -mot* hd . o e.ii diup tin > \,i< t a)>p« atanee 
of Iwu dillf n 11 11\ < <iiii|>"'t (I -had' s *»1 o ii hull, o ->« mhlni" a 
tint o| a t« i i,i (<'11 i 

\iiinht i nin di.idt w,i . dv* d w ith .i/(--( .iMiniii , tmtim and 
amlllH “H \ w hilt th- >< ( "lid s|j id- wn d \ < d With "U!iu r <\ 
i ho<1. 11 m ir m .ind l<) I > \ i->I( t 

T" lilt ( \| "I ill- - -Id- 1 nd'iiUK! ill.'. 1 W-- dl.ldi N ;i j»- 
| m ji 1 « d m .11 I \ idilitl'.il, l-lll. ll . 111 \ I h! 11 tin n n in hi r mu 
shod* , h- slid, w.i di-dith /<-/-/', in Inn than the nih» i 
To III\ \ (-11 n; a I f\( ill. ,1|I|M i ia in < • (it tin ( i - |o 111 s w ( 11 • 

exact l\ t h< 11 \I t -I Till N,,-dud* - * , t h it d\ t d w 1 th 

oian; , ( , i hod. ilium and \u» It I 1 U |;, w a s < ]« < i d • dl\ ml'L r t hail 
nil in lx i (- in whn 1 1 a j-jx id d i on-id< i al-l\ \ i I low < t 

hoi o -III* tllm ( a I h In Id Ills own opinion as hellin' 
the 11id1 1 and 1111« on* mild, ;■ u< •"'init mieht h« a i isc 
o! tin \ i I |o \\ 111 - • o| tin Ii Hm - in tin i \ r> ni tin oldei 

rololil I ,t. I \ l( W id t lie t Wo nIi.hIi N l hmilL’Il a pH <« n{ \r||oW* 

I luted 1 ’ilatiiie him, w In n tln\ pi<srnt<d at o n ( e an aj>- 
|ieaianci i\.utl\ ih the old n nth man had dcstiihed, >*., 
the lii st shadi . d\id with a/o i a i mine, tiM m< and e\. wa.s 
lam h leildii than nitmhei two shad< Tin ic.mon l«»i this 
ditleienee was dm to the lai t that tin ni mid shade, com¬ 
posed ot oiain'e, ihodainine and \iolet. was what ma\ In* 
tel Hied a /’ s* hm/iiv shade, chatiellm Ml Uspci t e\t*ll 

with m sheht \aiiation m the «jua 1 1 1\ ot tlit* da\li^ht or the 
tinu 1 ol tin da\ Siu h shades aie well known, and well 
disliked ainone d\eis and c'oloui-matrhtMs The\ alter finally 
m appealanees in attitieial illumination, which always con- 
ti^’iis an excess ot the\ellow and oian^e ni\s Shades of this 
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IiatlUV likewise I'UOIUr MtlWliit 1 ah|\ lilt lid fll Hspul to 

those wljiiy r\e |« !|s, ^ ate \i!l<*Wid 

^ 1^ Colour-Blindness, or Dichromic Vision Tin muma! 

human «‘\r i" c »p ilT -«t diMimmi'diim: i ho . pi unai \ i <T>m s 

which, when n 11 n l: 1»«1 in \ai\ine j>i«>j><u 11 ,m*- uj>«*n tin htma 

(m c v; o'. ]u< t,hn i al! lln m tin lit \.un t\ a ini h. t u I \ ot i olein s 
\ , • 
to l)e found m natun Tin spettnim a-> s,,n h\ nonn.il 

coloui \ Niun w i epu m ni« il in I 'Jn No I loti \< How ainl 

him u< h foinnilx mnsiditid ist| lt thui |'imm\ « okmi « 

hut.asWt ha\r oiis, i\i d m(Miaplti I t; '• lln tin* tuiiila 

mental i oh'iii m i tsat loijx ,o, i, ,1 .a < ■ n and \ n T t u < oi dm^ 

to tin most ,i | »| ii • >\ f * | till * 'I \ o| N i ■ 1 1 1 • uni Ihimlndm It 

\ 111 I) I 1 I. II 
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Fn, i h s | - >: i him r i * | ■} ’* e ’ o. n on «I ' 0 , 1 ,, v, .,, i 'i 

• It. .1 i-ln I \m. i. . ' 1.1. . 11 i ..I Ml', i I. I. ! ,Y. . • !• in- 

nliii'l • 

must Ik* lUiiiluliiiui, In 1 w t \ < i. that this ml. j/im n and 
violet theory has ol.iriio oiii\ to tin inmrlmr o| ioj..und 
upon the letma and not to tli« )m\iny ot :i nd 

JtHJVn ills, fo] whu ll tin l<d. NiHuW and him air lln only 
practical j-nmam-s 

RnJ Wliuiin" Tin Ilillillinlii s| io| ill of < oil .lit-hlllldm ss 
ip where tin- sensation of srriny n d m il< in n ni This “ n d 
blindness " is fie(jiicntl\ teimi d " I i.titonism, (mm the fact 
that the well-known eheimst, I >i John halton. wat? luinsijj 
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afflicted with it, and lie was the first to carefully describe it 
in his first paper read to the Manchester Society yi 1794.' 

To the eye of a " red-blind ” person the spectrum is 
shortened, and consists of only two colours, which they term 
yellow and blue'-. The extreme led of the spectrum is 111 - 

,visible, while urange, yellow and vcllnw-grccn are to them 

* 

varying tones of vellow The grermsh-hlms of the spectrum 
appeals a pale neullul gle\ IseeN’o, tl, Fig Pb). He\olid this all 
the rest of the speetiiun from blue to \inlet appeals varying 
tones ol blue No 1 , Flo liti , lepieselifs the full spectrum as 
seen by the not null tiiehronne msioii ; No d lepivsents the 
sped ruin us seen I>\' a 1 ed-Id11id pel son. To persons afflicted 
with this, the commonest 1 mm of eoloiii-blindness, there 
appeals llo dllleleliee III hue helwceli seal let (nipples alld 
preen glass A daik red appeals to them a black. 

An instance is known to the writer whole a gentleman, 
who, thoiiph well up in veins, had never suspected any 
deficiencv in Ills coloin \ ision, w as one dav pimc to attend a 
I m id a I weai in g a dai k red neckt le Ills ft lends i eti must rated 
with him, bill lie maintained it was a pure black It is said 
likewise of I >n 11 011 , who was a stud Quaker, that lie at one 
time Wore in e imbmatlou with his sombre giev dress a pair 
ol deep red stockings, imdei the nupiession that they were of 
a <jIIlet black 

liri'in HInhlin-fx \nothei and less common form of 

colour-blindness is wlieie the preen perception is wanting. 

1 " lUltou saw no diffoicmV between red and green, so that ho thought the 
fat o a green lamel lent a muni mat<*h t>> a stick of ied sealing-wax, and the 
hark of th*' loaf answered ty the lighter rod of wafer* When Professor 
WheweJJ asked him what ho would eompaie his scarlet dot.tor's gown to, he 
pointed to the lea\Vs of the tnvs around him Dalton found twenty persons 
possessed of the samo peculiarity of \isi«m as lmnself. The celebrated 
metaphysician, Professor Oougnll Stewart, was one of them, and could not 
distinguish a eumson fruit fiom the leases of the tree on which it grew, 
otherwise t[>an h\ the difference m its form."—(Dr. George Wilson in his Life 
<i»tO /hMtifiiitN of Ihilton.) 
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Only two colours an- xi-ildo in tlic spcctiu..i to'-itch pci-ons, 
and the£e they trim n il and blue. m unying tom - t-iv No. 
3, Fig. oii). W'liat they call ltd extend- fnmi cxticinc red 
through till- onuige and vellou a- tar a-■ lie \ ellow-green 
Then whole the normal e\e -ei- hllie-gii i'll and Mile, the 
“gMen-bhlul JHM'Wtll see-onK ;le\, and thcll iilue extend-* 
from ttie blue dow n to the violet (a- -1 1 . ■ \\ n m No .1. |-'ig. gift 
To a “ gieen-ljlmd )>< i-eui led and {j:‘ttin hotlj ii|>|u ar 
similar. ml. while to the "iM-hhnd pii-n: ml and 
green appmi tone- ol ufji.w, a- -how n m No Fig. gti 
To I Kith ol tin in a led i hilly m a-iailet j k 11111 \ cannot he 
(h-t 111 oui-lu il (loin tin e| eeli it u\ i -, . xi < |>1 h\ t In n dilli 1 1 ill 
foiin-. It i- well lo Know . ln.wi \i i. that . olo u -l<lmd pi i-oil¬ 
can he glt'illh a--l-nd lo VleWllle lhl"llg|| ■-■tllt.ll'K 1 i * I r > 111 1 d 
glasses ol gt lilt nil tlilll- I'OI 1X11101-11 , nil Mind ' |ie|si.H|S, 
l)\ Mewing ! h 1 1 1 n e h a -loll glu —. 1 an di-t in : :m-h tin dilh 1 - 
eltee In t w i eii led and cl ' i ii, w llii I I In \ - - mid in a do o| hei - 
wise With tile coin class the nil oh|ii| i< mim - much 
i/nc/o /x almost hl.uk in lone, wink tin ''in ti i- unalleitnl, 
and thus the two am u adih di-i mcm-In d 

Fill " eleelnhlmd pel-oils a Jill i i "I Oil class Ol 
colomed tilm is.iin|niled, w huh lias the , It.. i of iti,iioMi« the 
<jro‘ it much dniliei, and thus -i palatine n in appi arum e 
from the red. To a pci-on who i- hOu//-/ i ..fijiii hltnd, ii , 
can distinguish im n'lom whiitexei, i m tubing i- a dull, 
neutral grey. The " sjii eti urn " of the vi-mi of -in h a c«-c 
is represented m No I. Fig. c'(i » Foi t imali tv, . iw s of 
absolute colour-blindness ate veiv rare 

It is rather remaikahle that tlni/an nn few ui-is of 
“violet hlmdiic—' . t 

§ 19 it i- |n i—ihle, h\ means of mating oil hi gieeii- 
cblouri'd spectacles for a con-ulciahle time, to n tnler oneself 
temporarily enlom-hlnul to the red or the ^iiiii . but*it i* an 
experiment the wrjter would not recommend to dxers aiol 
h 
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colour-matchers whose eyesight and powers of colour-per¬ 
ception are too precious to he tampered with. *• 

Dr. Burch, however, has experimented upon himself in this 
direction, and gives us some interesting details of his seem¬ 
ingly rather rash' investigations. He exposed the eye to 
'the glare of bright sunlight, behind a sheet of ruby glass, 
in conjunction with a gelatine film dyed with inageifta, and 
tlius rendered himself “ red blind ”, 

Scarlet geraniums, bedells us, looked black, and red roses 
blue. Fxposure to green extinguished all green and yellow, 
but loft the length of the spectrum unchanged. The exposure 
to yellow or “yellow blindness’' is particularly interesting, as 
it can be confined to certain portions of the retina, and the 
red, green and yellow were extinguished. This result would 
seem to prove the Young-Helmlioltz theory that yellow con¬ 
sists of red and green rays combined. This artificial “ red 
blindness" lasted for some ten minutes, while the “violet 
blindness" continued for a day or more. 

After thus experimenting, l)r. Burch found that it was 
with difficulty that lie could match colours, and if a person 
made himself partially colour-blind, all colour matches would 


appear upset. 

§ 50. It is rather a curious fact that “ colour-blind, ' or, to 
be more correct, dichromic vision persons can often distinguish 
optical differences in colours which appear perfect matches to 
the normal or trichronne vision. For example, two shades of 
olive, one dyed with natural dyestuffs and the other dyed with 
the 'hnilines, may match each other closely, and yet have a 
different optical struc.ure, and present absorption spectra 
differing widely from each other. Though such shades appear 
similar to the normal eye, they will at once be observed by 
colour-blind people to possess different compositions • 

An Interesting example is given by Professor Church, 
P1R.S., where two green solutions were prepared, each 
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appearing identical in line to the norma! c dour vision. One 
solution*consisted of neutral nickel chloride and the other 
acidulated copper chloride. A eolour-hlind person at once 
distinguished them as being different stuffs. 

It would he rather an interesting fact to know if a person 
of dichromic vision could detect the small restored fragment* 
restored m the ancient Egyptian sky-hlue spherical cup in the 
Paris Museum, which we have already referred to in § -to, 
page 76. The author has no douM whatever hut the colour¬ 
blind person would at once point out the inserted fragment 
as showing a different colour, though to the normal colour 
vision it is of identically the same blue as the cup itself. 
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MATCHING OF SILK TRIMMINGS AND LININ’GS-ISKHAVIOUR OP 
SHADF.S IN AHTTKiel \I, LIGHT MATCHING OLD FABRICS 
SOFT SIIADFS m MIXING liltlGIIT DYKS CHANGING OF 
MIXFD sll ADKS ON F.XI'OSl UK. 

.">1. The Colour-Matching of Silk Trimmings, Linings, 
Facings, Bindings, etc.—In the majority of coloured textiles, 
Kuril ns riir|iris, table-co\eis, rnrlains, cnlii'o jimits, etc., we 
July little heed In their colour iippcui iiiioi's under artificial 
illumination like gas m lamplight. 

If, under such conditions, iuia of the dyed colours show 
iilmurmal modilicntions in line, we take it for gianted that 
they could not he made to look otherwise. Hut every dyer 
and colour-chemist must, some lime or other, haveexpeiieneed 
the astoiiishnient on ueuing certain shades in gaslight, 
winch in good daylight lie compared and matched carefully. 
Many dyed colours are found to mulch perfectly in good day¬ 
light, and Act whe'll viewed m gaslight they arc found lobe 
like each other no longer. This is a common occurrence, 
and, as a rule, t he majority of dyers do not give much attention 
to the aspect of their shades under the artificial lights. 

If wr make our slttdcs to match what is required in 
ordinary daylight, then we' consider wij. have accomplished 
all that can possibly be required of us ; and our shades, though 
altering very greatly m appearance m gaslight, may pass 
into Vustoiners' hands without any complaints lieing made 
ah&ut them. 
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But what about our less fortunate fellow colourists, like the 
dyer ofc silk trimmings, facings, linings, etc., whose shades 
must be made to appear exactly similar m aitilicial light to 
those he is required to match 9 Here, then, arises a special 
difficulty in colour-matching, of which iln colmmst for ordi¬ 
nary textiles happily knows little. • 

The dyer of silk trimmings and similar goods for Indies' 
wear generally gets a dyed piece of matenal, cloth or rililnm, 
as a specimen shade to which he pnist match the trimmings 
and linings to he dyed. 

Before a perfect match can he made perfect as regards 
the behaviour of the dyed mateiials under artificial light - 
the dyer must have some idea of (lie optical nature and 
properties of the dyestnil's which weic employ'd in the dye¬ 
ing of his specimen shade. 

Suppose, for example, In* gets a piece of dress material of 
a brownish drab colour dyed with fiistui or fustic, an aniline 
grey like indiilme with perhaps a touch ot metlit l-Molct, and 
he wishes to match it on silk trimmings or ribbon by dyeing 
with an aniline yellow and orange, with the addition of a 
little wool green or cyanine blue to flatten to the required 
shade. 

By employing these dyestuffs he may lie successful in 
getting a fairly good matfch in daylight to his specimen shade ; 
hut it will he impossible for him to get the two shades to look 
a match in gas or lamplight. They will present a wide dif¬ 
ference in hue, the original piece of yloth appearing somewhat 
redder, while his shade, dyed to match, will appear* of a 
decidedly yreea cast. • 

The case might also lie the.rnv I vend, as the original 
shade to match might turn green and the dyer's shade become 
•redder ; hut, so fastidious is the taste of fashion, that what¬ 
ever shade the dress article may look like m gaslight—i{ may 
change much or change little—the dyer of the silk trimmmgs 
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and linings must, under all conditions, make his shade's to 
behave in every way similar to the dress stuff. 

This, as many of our readers will understand, is no easy 
task. If the dyer of the dress material were also the dyer of 
the trimmings, eh'., then of course little difficulty would be 
/ixperienced, as the same colour stud’s employed for the one 
would do for the other ; but as the dyer of the dress fabric is 
generally a different person from the dyer of the silk trimmings, 
the latter has to prepare lus shades so as to match in every 
way the dress article. 

This involves many difficulties which only the experienced 
dyer and colourist can appreciate, and though the shades may 
bo matched to the best of the dyer's ability, they may be found 
faulty when examined in gaslight, and are then complained 
of as a “ horrid " or a “ beastly match ” by the fair wearers. 1 

§ .V2. The reailei will find, in the dyed pattern No. 6 
(see Appendix) a very good example of this difference in be¬ 
haviour in apparently similar dyed materials. The piece of 
silk of the pattern No. li was dved with— 

fiO per cent. nuphthol-vellow, 

Oft per cent, acid violet, 

01 per rent, field violet <> BN. 

The small piece of woollen dress material attached, which 
matches the silk closely in daylight, was dved with - 

7(j <>/-. orange 4, 

54 o/. indigo substitute, 
o 

III ordinary daylight these two pieces of dyed material 
appear very similar, hm if the reader examines them in an 
artificial light «!iKo gas or oil lamp, it \yill lie observed that 

they present a very wide difference ill appearance. The silk 

0 

1 From £ letter received by the author from a skilled dyer of silk trimming* 
anf linings. 
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turns to a purplish brown colour, while the woollen fabric 
change* into a strong green olive. * 

And now let us suppose, for example, that a lady has 
a dress made of the woollen material similar to the small 
pattern attached at No. ti, m Appendix, atstf the dress is faced 
or trimmed with the silk material. In good daylight thg 
dress will appear ipnte harmonious, and no difference will 
be observed between the dress and the silk facing. When 
worn in gaslight, however, the body of the dress would lie 
olive green and the silk facings of a reddish drab colour, 
which would make a very unpleasant combination. In¬ 
deed, a person seeing the dyed specimens at No II (or the 
first time m gaslight could not imagine they would match 
each other in daylight 

It can he readily understood, therefore, that the subject 
of colour appearances under artificial illumination is a most 
important one to the dyers of Indies' cloth materials, 

The writer has observed a lady's blue blouse, which was 
of a beautiful delicate blue in daylight, change into a dull- 
looking bluish drab in gaslight , while the collar and wrist¬ 
bands—dyed with a different dyestuff -retained their blue 
in gaslight. For other examples see Chapter VIII., page !)'2. 

Pattern No. •> m the Appendix, dyed with d per cent. 
Nlgllt blue, will lie folllAl to he a lovely blue even 111 gas or 
candle light. 

Ail excellent practice adopted by many ladies is that of 
selecting iimh r mi miiiinnf lnjhl the dved materials which 
they wish to wear in such lights Hv doing so, limy will 
often (‘S«u]a- the disappointment of,findmg that they cannot 
wear certain dress materials m gaslight. 

In such cases us we have cited, where the gaslight aspect 
• of dyed materials is of mi|>ortance, the writer would strongly 
recommend the use of an orange-tinted gMatme Him. By 
its use the dver can see at once the "gaslight aspect of 
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the shades 'that are placed before him, and can learn 
whether they show any decided or abnormal modifications 
in hue. 

For the employment of the orange-tinted film as an aid 
to dyers and colour-matchers, see § 44. page 7">. 

It is well to remember that in dyeing soft tertiary shades 

ft ' ' i 

or “ mode hues ” by the combination of several dyestuffs, it is 
advisable always to employ somewhat dull colours for shading 
purposes If clear bright dyes are employed and mixed with 
others to form dull similes, the shades so produced are almost 
certain to prove liable to change greatly m hue under artificial 
illumination (see § bd). It has already been observed in 
Chapter V„ tj>| .47-42, that the optical natures of the dyed 
fibre and the dyestuff employed exeit a powerful influence ill 
modifying the aspect of colours under gaslight. 

From niv own experience it has heeu found that shinies 
V'ltirli our //nor ill ness tie t/rei/ness In the uhsnrption of 
lii/lit , printneeil hi/ the eonilii nulinn uf tnm nr mure hi'ii/ht 
ili/eshtfjs /iiiriiii/ slutrpli/ill’tiiieil nhsnrplion bumls in their 
speelrn , alirui/ s' pony mure Iiiilile In shmi' ulninnuiil ehnnrp's 
of hue in ipislii/hl. 

As this subject has now become of considerable import¬ 
ance to ('very dyer and textile colourist, we have treated it 
specially in Chapters VIII and IX.* 

§ The Colour-Matching of Old Fabrics.—It sometimes 
falls to the lot of the colour-chemist to make a perfect match 
ot some line old piece of carpet, tapestry or print, and he will 
experience much difficulty m dyeing lus shades to match 
those of the original whjeh have become mellowed p.nd sub¬ 
dued Ik" age and exposure. >g 

As I have said elsewhere, 1 “old coloured fabrics have 
a quiet beauty of colouring and a harmony of effect which* 


1 Dtji't ijM i/ Calico Pnntct, June, 1899. 
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are Nvell-nigli impossible to represent m a new material fresh 
from th* loom. 

"But many manufaotmers who ilo not fully understand 
the difficulties—we might almost say the exasperating diffi¬ 
culties—of the textile colourist m making a perfect match, 
fall to see wherein the difficulty lies. , 

Put it is quite as reasonable, or shall we say unreasonable, 
to expect to find in a painting fresh from tic aitist's 
brush all the subdued harmony ami the neh mellowness 

I 

of effect Siam ill a Hembrandt or a Titan, a Raphael or a 
Domeiiichmo. 

“ Coloured fabrics, like pictures and othci luxuries, rispnre 
to be ‘seasoned’ in order to develop that soft mellowness of 
harmony and effect which the colotir-mixei finds it so diffi¬ 
cult to mutate. 

“ No exact rules can be given to assist m the matching of 
shades subdued by age." 

In restoring ancient tapestries m museums, whew a new 
part requires to be pieced to the old, the new piece, after it is 
coloured, is gently dusted over with Flench chalk powder or 
soapstone. This gives a subdued greyness or tailed appearance 
to the new part of the fabric, to make it match well with the 
old original material 

This device, howeveit m more the natuie of a trick, and 
would not gain favour with textile colour-matchers. 

The matching of the colours m old fabrics simply leqmrea 
more than ordinary care, and a good eye for distinguishing 
the nicest variations of shade. » 

Colour-matching, like everything else, requires a eon- 
, siderahle amount of patience, experience and skill. The 
experienced dyer and colour-mixer can tell almost exactly 
,how a certain shade may he obtained ; ami can even give 
the relative proportions of the dyestuff’s required to pjoduce. 
it. 
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§ 54. Matching Shades Produced by the Absorption of 
Bright Dyes. —Mention has already been made (s*e § 52) 
regarding the'difficulty experienced in the matching of the 
dull soft shades which are composed of several bright and de¬ 
cided colours mixed together. Thus, for example, in producing 
.browns, old golds and olive shades with a mixture of naphthol- 
yellow, or tartrazine, wisil green or patent blues and tSrange, 
it will be found that the slightest excess of any one of the 
constituents at one# knocks the colour off its desired shade, 
and often much difficulty is experienced in dyeing or printing 
each batch to match exactly the former lots. It is always 
difficult to match shades accurately when bright and lum¬ 
inous colours are combined to produce the effect. But, if 
softer and duller colours be employed for mixing purposes, 
such as azo-carmine, aniline grey or the liidulines, indigo blues, 
patent fust me, etc., the shades produced by admixture are more 
readily brought up to the desired standard, us a slight excess 
either of the one or other of the constituents does not produce 
Hitch a violent effect m altering the hue as with the more 
luminous dyestuffs 

§ 55. Changing of Mixed Shades on Exposure to Sunlight, 

— If a shade he produced by the combination of two dye¬ 
stuffs, one a fugitive colour and the other fairly fast, it 
will, on exposure to sunlight, alter 1 m hue owing to the dis¬ 
appearance of the more fugitive constituent. Thus, for 
example, a soft shade of mouse brown dyed with naphthol- 
yellow, methyl-violet and indigo carmine, will change after 
seveiul months' exposure to the sunlight to a decidedly greener 
hue. This is owing t^i the disappearance of thu methyl- 
violet,"it hemgjnoro fugitive than the others. There is thus 
left in predominance the yellow and the blue, which causes 
the exposed dved material to acquire a much greener cast.* 
It must often have been observed that the composite "indigo 
bit's,” composed of malachite or China j»reen and methyl- 
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violet, become very much greener, quite blue greens, on 
exposure to the sunlight. This is owing to the same cause, 
i.e., the disappearance of the violet constituent. A window 
curtain dyed olive with tartrazme, orange and an aniline 
green was found, after long exposure to the sunlight, to have 
changed into a yellowish old gold colour, owing to the, 
fading of the green constituent, thus leaving the yellow and 
orange to predominate. 
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ASPECT OF COLOURS UNDE It ARTIFICIAL LIGHT-ELECTRIC ARC 

ANI) MAGNESIUM LIGHTS—DU ETON-GARDNER LH'HT_ 

WKLSHACH - ACETYLENE - ORDINARY YELLOW’ ILLU- 
M IN A NTS TESTING MATCHING QUALITIES OF AN ILLU- 
MIN ANT. 

§ 51). Aspect of Colours in Artificial Light. —The change 
in appearance which dyed fabrics undergo when viewed 
in artificial light is now becoming a question of considerable 
importance 

When any colour composition is \ lowed under a yellow 
illuimnaiit like ordinaly coal gas or lamplight, the colours 
undergo a certain change in hue, varying in degree according 
to the quality of the light and the nature of the absorption 
spectrum of the dyestuH. II the absorption spectrum he of 
a normal nature, the colour, when viewed under a yellow 
illumination like gaslight, will present the nunniil modification 
aspect ; hut should the dyestuff possess a peculiar compound 
spectrum, or any special optical pmperty, then it will present 
an “abnormal " appearance m gaslight. The following may 
lie described as the normal colour changes observed under a 
yellow illuminant. 


Ayu't't 

>f (Woms of Xonnal Sjuxlm in Oaslujht. 

Hods 

appear brighter and like searlets. 

Scat lets 

,, blighter and like oranges. 

0 ranges 

,, lighter and like yellows. 

Yellow* 

,, lr;htei and fade towards white. 

Bright Gieous 

,, intensified and somewhat yellower. 

Blue Green* 

like greens. 

Blue* 

,, duller and tilde ledder. 

Reddish Bine* 

,, reddei and like violets. 

Navy Blues 

,, like blue blacks. 

\ iolek> 

,, redder, like claret reds, deepening to black. 

Purples 

,, crimsons. 
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The above modifications arc those generally oliscrved when 
eomparij% the daylight with the gaslight aspect of ordinary 
colours. 

If, however, the dyestuff employed m dveing the fabric 
should possess any pcciilianues either in the stmetme of its 
absorption spectnini, or in optical behaviour., then a niaiked* 
difference from this normal gaslight appeal mice will lie 
observed. 

Two dyed fabrics, for example, nmy be a \ei\ i hoe match 
ill colour during daylight, and \et present a yen wide dill'ei- 
cnee in appearance m gas or lamplight, and • m c, cmi. Two 
shades can match each other peifectK m ofs m lampliebt 
and \et appear totalh off the match when viewed m good 
daylight, 

This is a difficulty with dvers and . olour-matehers at the 
present duv, which was not expel loured heloie the mlioilue- 
tion of the artificial or aniline du'ytiills 

All the natural dves. such as indigo. a i chi I. Ion wood, 
fustic, hark extract, eoelmieal, etc, change m the one 
direction, under an mtilicial light. i> , tb<'i "II h ml I" 
limimf m/i/o', hut with the aniline dies, then multiphcitv 
and peculiarity of optical structure one use to no end of 
difficulty in colour-matching. 

This is specially noticeable in compound t< i liar\ shades, 
or “broken hues,'' where the several colour constituents 
have each their own little peculiarities ot optical structure 
and behaviour. With bright red, wrange, yellow and green 
colours, there is little difficulty experienced in inatchmglii an 
artificial fight, but such shades as dnabs, olives, greys, blues, 
* violets, slates, etc , ip'e always liable to change greatly m hue. 

There are some blues, such as Night blue, patent blue, 
’cyanine, all of them tending to he greenish m tone, which 
keep their brilliancy remarkably well m gas or liynpltght. 

The dyed specimen No. ">, for example, to he found* in 
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Appendix, is.a byautiful blue (Night blue), and looks about 
as well in gasju- lamplight as in daylight. This is Owing to 
its absorption of the red end of the spectrum, and its free 
transmission of ^he green and blue rays. 

1 he dyed patterns of scarlet, rbodamme pink and orange, 
•to be seen in Nos. 1 to l, are likewise little altered in appear- 
ance in gaslight; but if we examine the other shades, from 
Nos. b to I I, under an artificial bold, we will at once observe 
great changes m their appearance. 

Willi dyed specimen No, <i, for example, in gaslight 
the silk changes to a lirnini mli <lrnh or khaki shade, while 
the piece of dved woollen cloth attached to it--though match¬ 
ing the silk m daylight becomes a strong of ice t/rem shade, 
showing the widest difference m hue from the silk. 

The reason for such stiange modifications in hue is found 
after making a eaieful spectroscopic examination of the colour 
itself. Though the two shades are fairly like each other ill 
good daylight, their absorption spectra, as we shall see further 
on, are very different (sec p. I 12). 

For another example we may take two beautiful azure 
blues m solution Let one be made by adding a little 
China or malachite green to a dilute solution of methyl- 
violet. 'bins gives a line azure blue m daylight, and it can be 
readily matched m colour with a solution of Prussian blue, 
obtained by adding a few drops ferrocyatnde of potassium to 
a very dilute iron nitiate solution. The two blues, when 
examined side by side mu test-tube ill daylight, are identically 
the shine blue colour: but examine them m gas or lamplight, 
and a wide difference if. appearance will be observed. The 
Prussian blue "keeps its beautiful pure [due tone in artificial 
light, while the composite blue, made with green and violet, 
changes to a reddish lilac or an amethyst hue. If the solu- 1 
tion tie strong and deep enough it becomes almost a purple 
or “magenta in lamplight. 
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This is a simple and charaptei istie case, l.iy ruimming 
the twoM)llie solutions with the pra-ket spectiosoope, such as 
shown in Fie. '29, ] nice its,it Will he ohsci veil that tile I’rilssinti 
blue ahsorhs the red end of the speed uni and (reply transmits 
the green, blue-green and blue, while tin composite aniline 
hlue^shows an almost free transmission of the extreme red and* 
orange-red rays. If, therefore, these two eolouis he viewed m 
a light containing a large preponderance of red and orange rays 
—such as pas and lamplipht -the ijploni, which readili irtuis- 
mits or reflects the red and oranpe, will iiecessaith appear 
much redder ; while the other, absorb! np the led on s, will, to 
a great extent, preserve an appearance almost similar to i|s 
daylight aspect. 

Tim t/i-i'itl majnnh/ "/ ilijis t ro mm it tin ml nti/ s, ic/ ate 
vtlu rs transmit tl"‘ <//vc it anti 6/to rai/s moo me hit/ Until 
ini') of tin• others; out I from tins tort artsrs inttrli of tin' 
difftcultij I'.rjir nr net’ll in nil an r-maUhi to/, o ml oj thr ah- 
normal motlilinitioiis in lair n mlrr a rl il'nnil ill n in t nation . 

Suppose, for example, we have a simple carpet pattern 
done in a senes of four line rich browns, ranpinp from a 
deep seal brown, wind) constitutes the proiind colour, to 
a lipht old pold shade of its liphtcst tint If all the series he 
made m the same manner, with the same colour constituents, 
then no want of harnidny or balance ol the colour scale 
would be observed when the carpet was viewed in paslipht, 
or in fact any kind of illumniant. Hut let us suppose that the 
colourist dyed Ills proiind shade xytli oranpe, fast red and 
aniline prey or induhne. and in the liphter shades df the 
series hesemployed wool preen, cyanide or patent blues for the 
• saddening agent. The harmony of gradation of the scale may 
be faultless in daylight, but when the carpet is viewed in 
•artificial light a total want of balance and harmony is at 
once observed. The lighter figures on tin- ground Income 
very much greener, and no longer step in harmony with*tlie 
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(’round colour which changes little in gaslight. Interesting 
examples of this are described in § 67 and represented in the 
coloured frontispiece. 

It has been suggested to utilise this different appearance 
in gaslight of colours apparently similar in daylight by pro¬ 
ducing woven fabrics having the war]) threads dyed by, one 
class ol dyes and the woof matching exactly the former, but 
dyed with colouring matters of different behaviour in gaslight. 1 

In daylight the fabri/; appears to the eye all of one 
uniform colour ; but when viewed in gaslight a design of 
a different colour appears on it, produced by the dyed threads 
changing differently in hue under the artificial illununant. 
For example, belore me as I write lies a piece of ladies' 
cloth material showing -under gaslight -a coloured design, 
figures of old gold upon a ground of a dull pink or 
reddish plum colour When viewed in daylight, however, 
this material is all of one colour, munch, a brownish drab 
or kluiki shade. 

Many examples of ditleieuees in hehauour in apparently 
identical colours are constantly met with in the every-day 
duties of the dyer, and, as we have aheadv seen m fjjj 51,5*2, 
give rise to much trouble m colour-matching. 

Before proceeding further it may be well to describe 
briefly the different effects that the various artificial illumi- 
nants have on colour appearances. 

§ 57. Electric Arc Light. No doubt every textile colourist 
and colour-matcher must, have fell, tin* great need of a good 
artificial light that can show all colours in their true daylight 
aspect. i * 

• 

Most of ourJarge dye houses and colour laboratories are 
fitted up with the electric arc light, which gives a beautifully 
clear and brilliant light, and forms in most cases an excellent 
suhstikuteffor daylight at night or m the dark winter months. 

1 (see Manual of Ihictmj, to I)r. Knecht, Kawsou ami Loewenthal, p. 883. 
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But every colour-matcher must have experienced iluvt the 
electric arc, thcfttgh undoubtedly vert good, does not present 
many of the dyed colours m their true duxliglit aspect. It 
has often lieen found that colour matches made under Us 
hjrht require to he considerable altered when da\ light comes 
This involves serious expense and loss of time. 

Tlifs is found to occur not onlv in the dve house hut often 
in paper mills, where a sample of tinted paper leipures to he 
matched while the machine is ryniiing at night. What 
seemed a perfect match in the electric aic lie lit might he 
found the next morning to he fault\ and inpiiimg to he 
tinted over lignin. 

The ordinarv fundamental colours, such as led, orange. 
Yellow, green, blue and violet, max he matched with all 
safety in the electric aic light; hut it is when we conic to 
examine compound shades, such as light dial's, eitlines, nines, 
grevs, slates, etc., nr the lnninnetahle luohen tints, that we 
find its deficiency. 

If we examine under the elect lie aic I lie eoinpoiind died 
shades to he lound at Nos h to It in Appendix, we will 
uhsenc a coiisiderahle ditfereiiee in then appuuanee from 
that of their daylight aspect. 

The light obtained from huriini^ magnesium nhhoii (see 
§ ">8) is even better for mUtching than the ate hjulit. hut even 
with it some few shades do not ap|>car exactly as m daylight. 

A dull greenish o/nv shade d\ed with indigo blue, archil 
and fustic, presents in daylight a wylr ditfereiiee in appear¬ 
ance from a dull runKi'l shade, dyed with aniline orange (i , 
naphthol-fcllow and wool green, i'et under the electric 
• arc light they appear fairly slimier, hut with this difference, 
that the olive shade appears cw Ulrr than the nisset a result • 
Exactly the opposite from daylight. It is only when the 
shades are examined “overhand" way, nfe, by transmitted 
light (see § 'Ho),, that their true daylight aspect canvas 
7 
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distinguished under the arc light. This fact applies also to 
the magnesium light f§ 58). c 

Although most colourists are aware that the electric arc 
differs slightly from daylight, yet the general opinion is that 
the are light is too rich in blue and violet rays. Several 
"writers on the subject have also held the same opinion, and 
even gone the length of recommending colour-inatdners to 
use !/<‘II<>i».ihIi -tinted glasses to absorb the slight excess of 
blue and violet. 

Hut had these writers only tested for themselves the 
effect of the arc light on the aspect of colours, they would 
have found that the facts of the case were exactly the 
opposite. 

The piesent writer [minted out several years ago that 
glasses of a slightly hlmsh tint were required to give to the 
electric arc light a truer daylight effect by absorbing the 
slight excess of the less refrangible red and yellow rays. 1 
But if the shades he examined by the “overhand" method 
as already mentioned, a very good idea of their true daylight 
aspect is gamed 

In order to overcome the disadvantages of the are light to 
the textile colour-matcher, two investigatois, Messrs. Dufton 
and Gardner, have, after much careful experimenting, intro¬ 
duced a specially t inted ropper-blm glass globe for surrounding 
the electric arc, and thus making its light m exact harmony 
with good daylight (see further the l)uftou-(lurdner light for 
matching, § 'll)).-' 

We have already observed, in Chapter II., §§ l‘2-‘23, that 
daylight is most variable in its nature, scarcely sue hour of 
the 'same quality. Such, a light has, unfortunately, to be 
discarded by the scientist in his accurate researches in colour 

1 Journal Socuty of /){/<•» * ami Colourists, November, 18%, No. 11^ vol. xii., 
M Th* Examination of Colours, aud their Appearances under the Artificial 
ipummants". 

t Ibui., November, 19C0. 
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physics, ami the steadier ami more reimhlijrleefrie air light 
is taken Us the standard. 

§ 5S. The Magnesium Light. The hnlliam white light 
produced by hurtling magnesium wile or nhbon inmost use¬ 
ful to colour-matchers who have not the electric light at their 
disposal. During dull..foggy weathei m the winter months, 1 
or durmg night work, the colourist. I>\ burning magnesium, 
may get a very good idea of the true dav fight appeal am e of 
shades. , 

For the purposes of eolour examination, in d\e houses, 
paper mills, eolour lahoratoi ies, etc, vaiious tv pcs of mag¬ 
nesium lamps are sold, which. In means of iloekwmk. can 
he made to emit its hi illianl light fm half an hmn or moie 
But to dyers and coloni -mateheis who aie skilled in nl.sei vmg 
at a glance any difference') in shades, su< h lamps mat almost 
he dispensed with, as a loot of magnesium ribbon held with 
pincers by an assistant, or even b\ the eokmi 1 st Imusclf, 
ttiisweis the purpose eipialh well 

The aspect ot shades undei the magnesium light are in 
the great majority of i uses identical to that ol davljglit. It 
is only when the shades are of the almoi mallv sensitive class, 
such as we have desciibcd in ij-j -“>(>, oT, m , fc)im pound drabs, 
greys, olives, etc , that a slight difference is noticed from their 
daylight uppeaiance. 

To the eye of an ohsrivcr the magnesium light, like that 
of tile electric are, appeals of a decidedly bluish tinge, but 

when tested with several of these extra sensitive dvi d colours 

* 

its effect is that of a light having the slightest excess of 
orange rafs m comparison to the daylight. 

1 It is rather an interesting fact 'that all vert bnllmiit lllu- 
minants, such as magnesium light, electric arc, Welshach * 
fiicamjescent, acetylene gas and nxyhydrngcu lime lights, all 
appear to the eye of a bluish or greenish tinge, and'yet*they 
alt show in cofour-inatcdiing an orange or yellowish effect. 
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Hevontl thoorjes have been propounded to try and explain 
tlii h, but tbe true reason still remains doubtful. 1 

To many dyers the magnesium li^lit is of much help in 
making, what w;e might trim, ‘‘snap-shot " examinations of 
dyed similes during the dark months, or after good daylight 
has gone. . , 

It has already been mentioned (§ 571 that, with colours 
very sensitive, to change m artilieml light, the truest daylight 
aspect is obtained hv viewing 1 hem “ overhand " method (§ 35). 

Investigations made on this subject hv the writer show, 
from the colour-matching point of view , that the magnesium 
light is slight Iv siipel lor to I lie elect i le are, hut both lllutlli- 
limits prove valuable aids to the colourist 

§ .V.). The Dufton-Gardner Patent Light for Colour-Match¬ 
ing, 'This \ a I liable improvement on the aie light, briefly 
alluded to m a previous putagiapli ^ 571, is the icsultof a 
long series ol experiments hv two well-known colourists, 
Messrs Aillnir hufton, M A, 11 Se , and \\ idler M (lardner, 
K.c s„ ol Hradfoid Teelimeal College. It consists in sur¬ 
rounding the electric ale light with a speeiallv tinted blue- 
eopper glass globe, which absorbs the exact amount of the 
preponderating led lavs trom the are light, and thus renders 
it si 11 nIni to good daylight. 

Their first attempts to modify the electric light so as to 
bring it into exact harmony with daylight were like to end 
ill failmc. hi an interesting article m one of our dyeing 
journals, 1 the authors vU us that, after iimtless experiments 
vvitfi a great variety of blue and green colours, they found 
that the desired elfixit could he produced by thA‘ use of a 
dilute solution of eopper»sulphate, winch has sharp absorp- 4 
turn in the deep red, extendrng with diminishing intensity 
into the yellow-green, and great transparency for the blue arfd 
violet, i' 

^ Journal of and (V/t'iHh/'i, NonciiUkt, 1900. No. 11, vol. xvi. 
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Having determined the exact shade of blue required for a 
certain lfcmp, they next turned their attention to the produc¬ 
tion of a blue cupric glass of the same tint Tins they found 
was equally effective, and an electin' arc light, sin rounded bv 
a globe of the proper tint of blue-copper glass, gives a light 
of exactly the same cljaracter as daylight lor colour-match * 
ing. The new light has been subjected to the most seseie 
tests, by examining a series of coloured fabrics dved 
with the dyestuffs most liable to phauge in urtilicial light, 
and also by direct comparison with dm light, and in every 
case the modified electric arc light agnail exactly with day¬ 
light. 

No othci aitilicial light that wc know of can undcigo 
such cmcial tests. In cvcrv luanch of dyeing and colour 
industry, where shades have to he eureiiilh cMiimncd, this 
IHlftoii-(faultier light, winch may now he obtained in the 
form of a special lamp, 1 will imdonhicdh prove td great 
assistance. 

jj tit). Welsbach and Acetylene Gaslights, The other 
artificial illuminaiits which come next to the magnesium and 
electric ate lights m regard to their usefulness lor eolour- 
matehmg are the various forms of the “ Welshaeh " or 
incandescent gaslights and the acetylene gaslight. The 
incandescent lights on the Welshaeh principle are a great 
improvement over the ordinary gas, hut though then: light 
presents to the eye a greenish or sickly look, they neveithe- 
less contain a cullsidciable e\eess # of red and yellow rays 
compared with the electric are and magnesium lights. 1 

By viewing the shades in the “aveihand” way, a much 
• better idea of their daylight aspeat may he named, hflt this 
class of illuminaiits cannot lie employed with any degree ot 
•safety while matching the sensitive and changeable shades 
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such as we luivo often had occasion to refer to in the previous 

f 

paces. *• 

All such ilfmmnants show too threat a predominance of the 
red and orange rays, with a corresponding deliciency in the 
blue and violet. A simple method of determinin',’ the colonr- 
• matching ipialitieH of any illuminant is to examine under 
its light a few crystals of pure sublimed anthracene (( U ,H,,). 
'I'lie crystals m daylight possess a beautiful violet or amethyst- 
coloured fluorescence wind'll is invisible in yellowish or orange- 
tinted illummantH I*’r .>111 my own experiments there seem 
only to be tluee artificial lights capable of showing as in 
daylight tins delicate violet fluorescent colour, and these are 
the magnesium light, electric aic, and the Dufton-tiardner 
lights. I'nder all otliei ilhimmallts this beautiful violet 
tlllge is lost. 

The tabulated lesiilts oil (lie next page show the (lllfereilt 
clfectiS I hat I he I liree lights, i , .elect lie are, “ \\ elsbach," and 
acetylene gas, have upon the aspect of dyed shades [t must 
he noted, howev ei, that 11 ■<>st of these shades, /,e , from I v. to 
VIII., are ol the supci-sensitive class. 

£ til. Acetylene Gaslight. The extreme bidliuncy of 
the 11 a me ol this interesting dliimmant has until rally suggested 
the idea that its light might be employ|;il b\ dvers and colour* 
im\ei s tor matching then shades vv'urn daylight is not obtain¬ 
able. Indeed, it lias niton been Ieeiimmellded for colour 
industries where the finest variations of shade have to he 
distinguished as a “ pej feel substitute Inr day lightand as 
“ showing colours in their 1 1 lie aspect ’. 

This, however, is, a prevalent misconocpt.wn. The 
acet\lone gaslight possess** many interesting and valuable « 
.qualities as an illummant. Imbunfoitunatelv tins important 
feature of showing the true daylight aspect of colour# 
cannot U> assigned to it. Strange as it may appear, all 
(divides when examined under the acetylene Ifght show the 
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, WELSHACH AND ACETYLENE LIGHTS. 

* 

effects of being illuminated vyith a light haying a slight 
excess df orange rays. 



From an exhaustive series of 
shown that The acetylene light. h< 


experiments it, hag been 

iwcver brilliant and ♦"ire. 
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it may appear to the eye, cannot be safely employed by dyers 
and textile colour-matchers. 1 "• 

The delicate violet-coloured fluorescence of anthracene 
crystals, already alluded to in the previous paragraph as a 
good test for a suitable matching light, is invisible in acetylene 
•light. Many of the beautiful tints of blue and violet Jo be 
found in flowers like the forget-me-not (vii/vsntis paliUtris), 
the common hair-bell (m 111/111 nnht ruluiidi folia), the hya¬ 
cinth, the sweet violet, a,nd many others, change greatly in 
hue m acetylene gaslight. Thu blues become lavender greys, 
the lilacs are changed to pinks, and the bluish purples become 
red violets. Under acetylene light the greenish aniline blues 
like methylene, turquoise and (latent blues turn very much 
greener m hue, and indeed can scarcely be distinguished from 
greens. All the many sensitive compound shades, such as 
olives, drabs, greys, russets, citrines, slates, etc., also change 
greatly in appearance. 

A somewhat amusing instance of the change of appear¬ 
ance under acetylene light may be given from the writer's 
own experience. 

A 11 exact representation of the beautiful skin of the 
leopard, with its tawny brown colour and its deep maroon 
spots, was wished to be reproduced upon a carpet. An 
accurate and careful match of aH'the colours was made by 
the dyer, the dull tawny colour being produced with orange, 
liaphthol-yellow and wool green. In daylight the dyed shades 
were a pel feet match to /.lie leopard's skill, and the carpet by 
daylight was considered quite a success. 

Hut there was consid"iuble astonishment when The carpet 
was viewed m acetylene ligkt, or 111 fact in any of the yellower * 
dllummants;. The beautiful tawny brown of the leopard was 

c 

1 See “ The Aspect of Colours uuder Acet\ lono Light," by David Paterson, 
Dyer <tnl Calico Dnnter, March, 18%, also Journal Society Dyets and 
C'oktonuts, 1800, No. 11, vol. xii. 
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changed into an alive tirren.i pute a novel colour for such 

an animal • 

The original skin of the animal showed little change m 
its appearance m artificial lights. 

If the tawny brown colour had been died with perhaps 
some of the vegetable dyestuffs like liistie and archil, o» 
fustme and some of the aniline brown dies, a shade could 
have been obtained to keep its right colour like the oiigmal 
even in the artificial light. 

Examples such as this prove ratliei peiplexmg to the 
anxious dyer and colour-matcher, hut we hope in the fol¬ 
lowing pages to explain the causes which give rise to such 
differences in behaviour, and thus eiideuvoui to assist him m 
his difficulties 

If the reader wishes a more exhaustive account of the 
behaviour of different colours iiudei the uretvlem light, he 
limy consult the two articles already mentioned in the 
footnote of previous page. 

§ II- The ordinary illummants like </os, ml him ft, 
rledrir i/hnr lump and rnmllr Ityhl aie all too rich in led 
and orange rays to he of any service us a substitute foi day¬ 
light in colour-matching. 

They are nevertheless id value to the enloiiiist, as by 
viewing shades in suchti light lie can often iIm-ciii peculi¬ 
arities of hue and optical hohaviour that would otherwise 
totally escape his detection in daylight. 

Th tie, t/ne or htlnplnfht no n/ hr rm/ilm/i J irtll, mlm iiIiii/i* 
171 examinin '/ the blue, rmhl mttl yrnn rinse of rolonre, 
and ale* ninny rmnpmiiid shtalre^ ns slofht <1 1 ijrrrtiers in 
hue or in iiptieni xlrarlurr, vlinji in tyhl hr on rlnokrH while 
matchiii'l in while, dnyliyl*t, Inrome ho' uni til unit'd tnit/rf 
• an oramje illuuiiuant an to hr til mire nppnrrnt . 

f'or example, two blues may match each otljer jlosely, 
but one may have the very slightest tendency to be uim’e of 
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a violet hue ; .under gaslight their difference becomes at Once 
visible. The latter shade is turned much redder. 

Many similar examples might be given with greens, blue- 
greens and violets. 

Kverv colourist,knows the usual changes in appearance 
which ordinary colours undergo in gas or lamplight. 

We have already described most of these modifications in 
§ 5fi. I ted and orange appear brightened, yellow seems to 
fade, and light tints of yellow appear white, so that pale 
yellow and white aie indistinguishable in a vellow or orange 
illummant The pnmrose and the white lilv both appear 
the same tint, and pale yellow gloves cannot be distinguished 
from white ones. The beautiful class of pinks, such as the 
cosines and rhodaininrs, which owe that eliaiactenstie. beauty 
to their bluish bloom, lose mueli of their blueness in gaslight 
and tend to appeal mole mange. 

< i reel is, hi ins and v i< >b t s. with all their m tel mediate hues, 
heeome mine modified the nearer tlnw approaeh to the violet 
end of the 1 speetrum. This is owing lo tlve gieat deficiency 
of the blur and violet ia\s m all the common illiiniinants 
Coal gaslight m comparison with daylight contains only 
about dO per cent, of the given rays, |(l p. i cent of blue, 
and d pel rent ol the violet ra\s. All colours, therefore, 
belonging tv the blue and violet* class must accordingly 
become altered m appraiaitce under such a light 

Their air senile beautiful aniline blues, however, such as 
Vic toria blue' and Niglit blue (a dyed specimen of which will 
he see'll as No. in the Appendix), methylene and Nile blues, 
which will keep tie'll cle^ii blue colour rrmui loihly *\cll even 
m gasiight. TJus is e'rvvi.y to their absorption of the red , 
jays, and the bee tiansiui'sion of.all the gi ecu, blue and violet 
ones. Coiiseepientlv, such blues, even when illuminated* 
with an ,'UTifieial light, preserve to a great extent '’their 
beauty of hue. 
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It will always he found the case when the coloured ravs 
reflected bv nr/y colour are Confined to one certain portion 
of the spectrum, either red. vellnw-preen or blue, that such 
colours do not show a preat modification of hive under any 
of the ordinary artificial liplits If the- blues eonlain a 
ijuantitv of red in their composition, then the\ me certain t># 
change m hue in paslipht. 

A splendid bright preen, which keeps its roloin beautifully 
in anv ordinary illuminaiit. mav be d\ed with three pints 
ipunolme yellow and two parts and eieen Such a preen 
dyed on silk is as hripht and lustrous in pashplit as it is 
ill daylipbt. Hv stndvinp its absoiplmn sprriium we lind 
that it transmit', as nearh as possible, .ml\ tin- |mie preen 
ru\s about the lines K of tile sprrtl Uni Snell a colour will 
keep its line e\eti in p.e or candle tiplfi in d\<d pattern 
No. (i, ill tile Appendix, \\e find two io|oiirs\ei\ similar ill 
davlipbt and dillernip wideK m pasliplii The silk pattern 
shows a free tiansniissioii ot the red uxs, while the woollen 
material attached shows si ouip absorption ill the led and free 
transmission ol the pi ecu and blue ravs In davhpht the 
optical |iroperlies ol the two ate aboiil npullv balanced, 
makinp what we term a " mateli " lint, whenever these 
eolouis are examined under a liplit possessing a predomi¬ 
nance of led and nr.mpe*iays, then the i puilibimm ot hue is 
disturbed, the dyed silk is iead\ to traiismii ant amount of 
red nits; while the Woollen mateuai absiulis |be red, and 
transmits more readily the piecii lavs eonsepneiitlv they 
appear m paslipht vvidelv dillerent mi line. The silk becomes 
a dull rxldish lirown. while the vvoulien mao nal becomes a 
stronp olive pi een. This is s. nvrfi oner b\ > aw mp item in 

t 

pas or lainplipht. • * . 

Other examples, but less pionouneed. mav be found in 
the dyed pattern plates. Nos 7 to 11. vvlneli, my fully 
described lit Chapter IX . paprs 111-11(1. 
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We have already observed that the compound shades' are 
very liable to shrfw abnormal changes of hoe in gaslight. 
Their “ gaslight aspect ” depends upon the most chamjeahle 
colour constituent in their composition. 

For example a slate blue dyed with azo-yellow, fast acid 
blue and cyanine blue, reddens considerably in gaslight, even 
though it contains cyanine blue, which turns much gfeener 
m gaslight. Hut the greening power of the cyanine blue— 
if we might so express it-—is over-ruled or masked by the 
more sensitive fast acid blue, which reddens in gaslight, so 
that the resultant aspect is produced by the latter more 
changeable dyestuff. In a similar manner olives made with 
oiange, yellow and wool green turn much greener m artificial 
light; but if a proportion of tiie wool-green constituent be 
replaced by methyl-violet d B, a similar daylight shade of 
olive is produced, which, however, becomes redder instead of 
greener m gaslight. This is owing to the greater change¬ 
ability of methyl-violet than the cyanine blue in gaslight 

One of the worst illummants by which to judge colours 
is the elect! ic ijloir In nip, as it contains such an excessive 
predominance of the red and orange rays. F.ven the most 
experienced colourist may be completely deceived as to the 
true aspect of the shades examined under it. It is a wise 
plan, which many ladies adopt, to*select by gaslight or the 
electric glow lamps of the shops those dress materials and 
colours which arc intended only for evening wear. 

Many a person might thus be saved the disappointment 
of finding that some beautiful soft shades selected in the 
daylight become crude and disappointing m the* gaslight, 
and likewise tlje converse . 

, A somewhat amusing instance occurred to the writer 
himself, and even at the very time he was specially engaged *> 
in the study of colour appearances under artificial lights. 
<doijig to stay with a friend, he wished before^ doing so to 
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purchase a silk neck-tie, and selected. under llie light of the 
electric*glow lllmp m the simp, one which seemed to him 
of a remarkably chaste and relined pattern. It was of a 
beautiful soft dove-givv with a white stripe. Imagine his 
surprise and humiliation no\t morning when it turned out 
to Ije a garish /aliened, Vue irith u >/• llmr *(jipe * 

Under the strongly orange-tinted illumm.int. yellow could 
not he distinguished from white, and such a light being so 
greatly deficient m the blue an^l Molet 1 a\caused this 
certain blue to he so saddened as to appeal a soil grey. 

t; r,:l Testing the Matching Qualities of an llluniinant, I n 
order to test an illnmmant lor its eoloin-inalelnng ipiahties, 
it is neeessaiv to examine limit i its light a selection of 
eolonred materials which show abnuimal t .me: , hanges under 
gaslight. 'I’he delicate lints of blue and Mold to hi found m 
many varieties of common tloweis; sueli its the haie-bell, 
hvaellitll, forget-llle-not, sweet Millet, the ill Iplmiiums, etc , 
are \erv sensitive to any aililirial itlummatioii. and foim 
useful frsf-eo/i III in. f |'he del lea te Violet - coll lull'll llllolesei lice of 

anthracene er\stills has alieady been jeleiied In sie 5 fill as a 
simple and delicate test foi showing d an dlmumaiit is of good 
colour-matching quality. 

lint perhaps the most practical fe( in/mns aie those 
delicate compound dyed shades piodtieed with many of the 
aniline dyes. It is possible, by selecting pea tain classes of 
dyestuffs and eomhining them, to product* very sensitive 
shades, which change their aspect with even the faintest 
difference in the quality of daylight. Some of these shades 
alter in appearance with the time the day , and what was 
considered a match ill the lnormrfg is off tin desired mutch in 
the afternoon. We have aht'iidy mentioned compound shades 
of ^his nature (see 51, 52), and the dyed specimens to he 
found in the Appendix, especially No. f>, and the paint from J 
to 14, sho& interesting changes It must he remembered, 
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however, that in order to judge correctly the modifications 
which the dyed shades undergo m gaslight, wfe must have for 
comparison other shades, similar m daylight, which show 
little or no change of hue under such conditions. The 
differences in behaviour are then more accurately noted than 
If we depended solely upon the virni,on/ of their daylight 
aspect. It is well to remember, as we have already ob¬ 
served m the eases of the acetylene and Welsbach lights 
(§§ lit), (ilj, that the brilluyiey and apparent whiteness of the 
illnminant to the eye cannot be taken as a guide to its 
colour-matching qualities. 



('IIAITKli IX. 

INFLUENCE OF Cl IE UtSOItl'TION Sl’KC FUI'M IN Till; clIANiiES 
OF HUE UNDER ARTIFU'I VI, 11,1,1 M1WTION UNOKI'TION 
Si’F.CTHA OF TWO MOFs -i’W<l NAI’K 111,1 I s I'Wo ORF.V 
DRABS— STUDY OF TIIK1U DIFFEUI.M' UHIWIOI II \ND 
Ol’TU'W. IMIOI'EHTIES - \ IlNoRM 11, Mnl >1 I’ll' \ I'll iN’s UNDER 
OASEIOHT 

§ Ii4, Ill till’ preceding chapter's \M fi,i\e icpcnledly 
referred to the abnormal changes m thr appearance of imuiv 
dyed shades when examined under m I iSoml illumination , 
and we have also olisevved that this ]dienouirnon is due to a 
peculiarity in the nature of the absorption apeeiia of the 
dyestuffs themselves 1 As this interesting suhjeet is he 
comine every year of greater importance In all textile 
colourists, We intend now to devote to It a little special 
attention. 

Two shades of a dull green sage ran he obtained by 
dyeing in the first instance with inetliyl-\ndot and iiaphthnl- 
yellow, and in the second instance, with naphlhol-yellow, 
wool green S.. and a trace of red or seat let. The two shades 
so made may match each other accurately m daylight, 
but under gaslight, or any ordinary ititilicia] illumination, 
they present a wide difference in apjiearance The lirst shade 
dyed wnli violet and yellow hcciMirs a /v, /</X/,i in 
gaslight, while th^‘ other shade^oecomes a., nlirr. 

l The writer has shown that dtcliroihin and (liiurev cm c posseted by the 
dyes,*and also the optical properties of the fibre itvif, affect, in a sligb* 
degree, the “ gaslight aspect ” of dyed «oloun —(See J»ui ml St Arty Dyer* and 
ColoumU, Nofeinber, 1890.) 
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In order to explain the strange difference in the behaviour 
of two apparently* similarly dyed materials, ‘let us examine 
the colours with the spectroscope. 

No. 2 of Fig. 27 represents the appearance of the absorp¬ 
tion speetium of the sage dyed with naphthol-yellow and 
Intithyl-violet. No. 1 is the solar specjrum with all the hues 
in their normal intensity. ^ 

ft will he observed that the shading in the diagram 
represents the absence or pihsoi ption of the coloured rays of 
the spectrum at that certain part. This absorption spectrum 
of No. 2 shows the sage colour to consist of tlie red and a 
portion of the gieen part of the spectrum, while the orange 
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. 1 . 

Fit. 21 -Showing tho <>}>h<ul tlifft-irin o in strut tu r«» of t \\«> sliatlo of sago 
ul,. nth ul to t In 1 <•><* No l is solui spivirum. No 2 , ahioiptiou 
sptetrum of stu>t> pioiliit fd wall »m i th\l-\iolet and \ellow. No 3, 
ahsoiplton spin t.ruin of migo pioduml with \ollow, wool groen aud 
small tjinvntit\ of i«*d 

and yellow at the 1* line, and the blue and \ inlet from F to 
H lines, are all ipienehed or absorbed. 

'Hie strong absorption band at the yellow is caused by 
the ipctliv l-violet constituent, while the absorption of the 
violet and blue ravs is caused by the naphthol-vellow. 

By looking at this ulVorptum spectrum, it will he at once 
observed that the red fromM. to (' lines ly freely transmitted ; 
while there is a divided tendency' to absorption in the yellow- 
green and blue-green parts of the spectrum. t 

* If mo\$ we view such a shade as this in a light which is 
deficient in the green and abundant m the red rays, like any 
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of-the ordinary ilhnninants. it. will he readily, seen that the 
shade presents 'a • very much m tiler appearance, owing to 
its free transmission of the predominating red rays and its 
tendency to absorption of the deficient green rays. 

Diagram 3, Fig. 11, represents the absorption spectrum of 
-the other sage eo'our,,exactly matching in daylight No. ’J* 
but dyed with naphtliol-yellovv, wool green S and a small 
quantity of red. It will he at once observed that it differs 
from No. 1 allote it, In No -1 there is strong absorption in 
the cherry-red between the C and I) lines, euused by the wool 
green, and there is more or less a tendency to absorb a certain 
portion of the red ia\s. This is shown hv the faint shading 
of the red, I! to C in the dnigiam. The \ellnw-gieeii and 
a considerable portion of the green rays are freely transmitted. 
This, it will he obseiwd, dilTcis greatly Irom the spectrum of 
No. 1. 

Then follows the gradual absorption ol the blue and viulcl 
similar to that of No. 1 spec.ti uni. 

J>\ comparing in tins manner these two spectra of 
shades, apparently identical to the unassisted eye, the spec¬ 
troscope has thus re\ealed the cause of the differences ill 
their behaviour under gaslight. 1 Shade No 3 shows a 
tendency to absorb the red rays at the li line, and a strong 
absorption of the cherry-red where the shade No. 1 shows 
free transmission of those rays. 

Then spectrum No. 3 shows free transmission of the 
yellow-green where No. 1 shows strong absorption. 

Thus, No. 3 shade, dyed with wfool green, yellow and a 
little red, fchen viewed under an artyicial light, will show a 
"freer transmission of the yellow-giwn and gr< n than No 1: 

hence its gaslight aspect must?be ijn'tiur. ' 

• 

1 Itfia unnccetth&ry here to enter upon the print i plea 'Underlying colour 
absorption and of the theory of the spectroscope, readers arc* r<rtei4ed to 
Chapters III. ancf IV. qf companion volume, The Science of Colour-Mixing 
8 
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By viewing the dyed pattern No. (i in the Appendix; we 
may nee a very good example of an exactly similar case. The 
silk pattern has been dyed with- - 

.0 0 pet i flit. implitliol-Nflluw, 

0 .'3 per i cut a< id violft, 

* 0’1 pt*i i ciil m id Mold i> BN 

The ahsorption spectrum is exactlv similar m nature to 
that of No 2 in Fig 27 we have just desrnhed. The small 
piece ol dyed woollen material attached to the silk matches 
fairly well with the silk, and was dyed with 

0 f> pci » cut or.iu^u l, 

l) t. r > pci < cut indigo MiliHtitute 

Us ahsorption spectrum eloselv resemldes that ot No. 3. 
If the two dyed talirtcs lie examined in gaslight, the widest 
ditterenee m hue is observed, corresponding to that just de¬ 
scribed and explained 

The silk material having a speetruiu like No 2, Fie. 27, 
changes to a dull reddish-biown shade , while the dyed 
woollen material, having a spectrum resembling No. 3, 
becomes a strong olive green. 

Ill the case of the lived silk the modifv mg constituents are 
the acid violets, especially urn/ rioli't fi BN, which reddens 
much in gaslight, and hi the other instance it is the indigo 
substitute which becomes <irn iiri\ and the orange disappears 
under similar conditions 

On examining the spectra of these sage colours shown in 
Fig. 27, it will he observed that they consist principally of 
red ami given rays, gauntly toned down or "saddened by 
absorption of u*U the ot beds rays of the spectrum. When we 
'remember that a'mixture of led and green-coloured lights 
produce the sepsatum of i/r//oic, we at once see that this 
sage'colour consists practically of a much degraded or 
saddened yellow, i c., a yellow mixed with a large proper- 
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;ioii of grey. Then if tin*. lx* mj, \m* should hr aide to match 
juch n sage colour 1 >\ -itnj>I_v dulling udtnw with a cerium 
pi'opoiturn of gic\ 

And this la SO. A i-oloui nuitvhing tin tV" si,_n s alii ad\ 

described ma\ be dud 'imph with a \< Ih'A and an aniline . 

*. * 

irrt*y, thus pimlunn*' a >h«ul<' <>f ^iirnhli ^.i.;t 

It\ needless to say that a sh.tdi thil- ptodu.I d»~, 

not show any iilinmmal changes "I bin in lei-heht when* 

U mon' complex -.hade would It Jias tio |>• ( 11 1 1 1111 \ in it-' 
adsorption sprrtnnn. homy 111■ ■ 11 1 1 \ a s.nidi in d <>i 1 hndoii 
udlow 

A sllllllal <' \.t 11111 1 1 to llust sin,' l o|, mis Will I" SI' II at 
< 1 \ nil spirmioiis Nos Id and II wltsli will h, tb.sriib'td ns 

wo pn«a i d 

§ r,.'). The dyed pat tin ns Nos Tandsi,,, \ |'] ii-dttjl I \' ale 
two shades of deep slates iiltio wliull upp. ill fault llio' eaell 
othe l ill daellght, hut ill gaslight tlnw | n , s, nl a w ide d illei 
cnee m line. 

l)\ed pattern No. 7 appeal- nineli go rm i m -had. . while 
No M is a Ver\ deep pnrply slat. gnw ill ya-liyhl 

il we stinh the absorption speilin o| tin two dud 
colours, we find that No , shows a stmin: ah-oi ptimi in tin 
red pail of tlie spent: nin lines II to (' . wlifl* m sii.nl, No 
H the red poitnm is |a>g,‘lv transmit r d Tin ali-oipUt*u 

speetra of these teitian shades, containin'.’ lit. . 

dlfh'ient d\e constitnents. air itip n "I a \rit complaand 
nature and dillicujt to analyse with tin spiitiosiop, lie 
little luminosity tlnw possess, lx mj* men l\ yn\ - with a 

predominating hue, gically nicrousrs^llu dittnulu. 1 hate 

Endeavoured, however, to n preseil'. tin aliso.ptioii -pe. tra 
of these two shades in the annl-vd Kin As 
' Spectrum A represents the absorption emu of dual 
shade No. 7, while A' represents the shad.d sjive'.imn 
corresponding m absorption to the rune above it. 
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This shade was dyed with— 

1 kilo, patent blue, 

HO grammes orange G, 

‘20 eluomotrop 2 It. 

The strone absorption in the red is due to the patent blue 
constituent, while that in the yellow, oreeii, blue and violet . 
is owinu respectively to the chroin itrnp and orange dyes. 

It will he observed Irom tins absorption diaeram that the 
f'rcen at the K lines is mepe freely transmitted than the led. 

Spectrum I!, hie TS, icpicscnts the absoiptmn curve of 
the dved sha le, No. H, and I! the shaded spectrum, corres- 


,\ n c n K F ii It 



\ 11 C I) K !•’ 11 it 


Fit, 2S Showing uhsoiption sp,*, tm of two siuiilut shades of deep slate 
hlur \. V, d\ed with patent blue, orange and rhromotrop B, IV, 
deed with oichil, indigo and naphthol follow Both shades similar 
in daylight, hut widoh dtlleient in gaslight 

« 

ponding in absorption to the cun e below it. The two spectra 

/ ' Cl 

A' and 11 are brought cyise together m the diaeiani for the 
sake of easier eoiiyuarison. 

This shade was dyed with 


4 til..- tnelill, 

2\ indigo eaimine, 

2 grammes naphthol-\ellow Sc, 
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and'it will be observed tlmt it differs in construction from that 
of A'. The red u transmitted, while the* green at K lines 
is strongly absorbed, due to the orchil constituent, and the 
blue-green and blue are transmitted 

These two diagrams, A A' and It 1 ! , Big. tin, mat be taken 
to represent the absorption spectia ol the two deed |iattrrtis* 
Nos. l and K, and from their study we cair now understand 
the different behaviour of the two died materials undci arti¬ 
ficial illumination. t 

Shade A, dyed with patent blue, mange and chromoliop. 
shows greater readiness to tiansmit the guru than any other 
part of the speetium, and shows Ido wise itltsoiptioii m all 
the red pait of the s]>eetrum Sued a shade, under an 
artificial light, becomes very much gteeuet For example, it 
we examine uniter gaslight the dyed patnun shade No. 7, 
we will see how the green predominates 

Shade B, Fig. dH, dved with orchil, indigo fainune and 
naphthol-yellow, shows a free transmission of most of the 
red rays and strong absorption of ihc gu ru at tin K lines, 
owing to the orchil constituent. We can so from this that 
indigo, though a blue dyestuff, finely tiuiisiuits the red ravs 
as Well. The absorption of the Mulct, blue-wolet and blue 
is due to the naphthol-yellow constituent. 

This shade when Viewed under gaslight must heroine 
very much redder, as we can see from its spectrum B and 
B' that the red rays are readily transmuted It is owing 
to this fact, therefore, that the d\oJ slatey blue shade, No. « 
in Affpendix, becomes much redder in hue m gaslight In 
the spectfoscopie examination of dyestuffs tin small direct 
vision instrument shown m Fuf '".I will h<- foitnu’ most 
useful. It can he earned m the waistiAlt pocket. • 

§ h(i. In dyed patterns Nos. !l and 10 we have a very similar 
example. Both shades match each other and an'ot j dark, 
plum drab ifi daylight, but in gaslight No. !l appears tfwery 
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dark sa^e ^roy, while No. 10-is a deep shade of plum,'ap¬ 
proaching a maroon. On analysing then''construction, we 
find them to show the same properties as the two shades 
just described m Nos 7 and 8, and tins mieht lie expected, 
seel lie that they ale. dyed with similar croups of dyestuffs. 

* ' No. 1) was dyed with 

' 4 / 

IHo giamims puli nt blue, 

•UK) ,, orange, 

„ eliromolrop. 

while No 111 matclime it was dyed with - 

(» k 1108 or< hit, 

'1 >i ,, indigo < ai mine, 
r >0 ginmnie- naphtliol \<*llo\v 



l''|i.. I') Dlteit \ i-umi Sp»‘< 1 1 ost ope 

The pttte.nl blue const it iient ol No doixesit the property 
of eieeiiiny much imdei mi Mitilicml l|olit, (iwiliy to the flee 
transmission of 1 lie 01 ecu and the uhsm ption of the rt d rays 
possessed by this d\ esl nil. 

Oil the otliei band, the natiiial dyestuff’, orchil, 111 No 10, 
possesses properties of an exactly opposite nature, hellie strong 
111 absorption ol the creeii and free in transmission of all the 
red rays The mdieo or blue constituent of No 10 a’so shows 
transmission ol the red. V e can readily understand, there¬ 
fore, how two shades appareiith similar in daylight to the 
unaided e\e, but compounded ot dyestuffs of different optical 
natures, are boitud to beha\e differently under the yellow 
artitp ml' lllummants. 
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. The dyed specimens of subdued plum colour. Nos. 11 and 
12, resemble ea'ol) ether fairly well in dayltplu mid vet present 
a wide ditTerenee under pashpht—No. 11 appearing much 
flatter and more of a luown, while No 12 laconics much 
redder, approaching a claiet The rettsop foi this may now 
readily lie understood from what has hem s.ud po \iousK * • 
bMlde No 11 was dyed with - 

220 grammes patent Mile, 

220 ,, orange (} pat , 

560 .. ehromotrop J K pat 

Under yellow aitilicial liphts the oiunm disappear to a 
preat extent and the patent him hmoines nnnh intensified. 
The result IS that the pilsllpht itspei t ol tin lolnui is yen’ 
turn'll fhittei ol liluel, makin;; It ot a dull luown oi i asset 

colour 

W ith d\ed specimen No. 12 the oppositi , It,, i is pto- 
dueed. 

It w as dyed w ith 

12 kilos up Ini < armiiu , 

1 ,, indigo i (iimfii , 

r iO giamnn s nupln l.ol \ «*H■ ■ w s 

As we h;t\t* aheads oI>mi\ cd. \ < I It »\\ di^it j>|»< in s m a 
Y(*ll(>\\ls|i llluininalit. while the liatUlu! d\iMulh niclill and 
Indian, allow a leads UaitsiinsMou <>| nil i..l It lollows 

that such a colom as*shade No 1*2 will nalui.tlh Ihthihc \civ 
much redder m ou'di^ht than it*'< 01 lespumlii)^ shade No 11. 

A sets stnkm^ r dilluence m hehasiuin I>« tw•« 11 t\\«> ;t|>|>nr* 

» 

ently •sltnilai d\ed mateiials IS loymd al-o in tin two last 
dyed spy lumens. Nos Id and 11 

l’attern No Id was dyed wul>> 

• 

JOOgiamimi {talent Mile, 

■it HI ., orange < ■ pat . 

SO ,, t hroinotrop j K j>,t! * 

The larpf excess of orunpe present in the dv d unite,'#1 as 
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seen in daylight disappears greatly in gaslight, with 'the 
result that the sha'de instead of its being a ooft fawn or khaki 
colour becomes a dull sage, green under gaslight. The decrease 
of the orange, eoiplnned with the increase of the patent blue, 
produces this result/. Pattern No. 14, which closely resembles 
*N t>. 1H in daylight, becomes a redd ink drab m gaslight. 

It was dyed with— 

It kilos, orchil carmine, 

1 ,, indigo carmine, 

1$ ,, naphtliol-yollow S. 

Prom what has already been stated, one can at once pre¬ 
dict how a colour of this composition will behave m gaslight. 
The indigo blue tends to redden in gaslight, in direct contrast 
to the patent blue, which becomes much greener; the orchil 
reddens greatly, while the yellow inclines to disappear. «The 
results are that No. l.'i becomes much greener, and No. 14 
becomes much reddri m gaslight than ill daylight. 

§ 1(7 The coloured plate (see frontispiece) represents some 
abnormal changes m hue of dyed fabrics. Fig. 1 shows a 
pattern done in two shades of olive, the dark ground shade 
dyed with lmphthol-yellow, wool blue and methyl-violet, while 
the light shade of yellowish olive is dyed with yellow, orange 
and wool green, or patent blue N. In daylight the two 
olives appear of the same class and quite m harmony, but 
under gaslight their change of hue is very great, representing 
something like Fig. 2. The dark olive containing methyl- 
violet as a constituent rojldens into a russet shade, while the 
light olive turns very muUli greener owing to the wool ^reen 
or the patent blue constituent. The daylight appearance of 
the fabric, therefore, is Widely different from that of gas¬ 
light, and may bt r Represented Somewhat like Figs. 1 and 2 
of frontispiece. ( 

Figs x .1 and 4 (frontispiece) represent the same pheno¬ 
menon in a more curious aspect. The lightest shade of terra- 
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cotta has not been made with the same dyestuff as the 
ground -and the second shade. Though liarmomsing well 
enough in step in daylight with the general tone of the two 
other shades, m gaslight it goes quite off the east (see Fig. 11, 
and becomes so green as to appear a distinctly different colour. 

The ground anti second shades were d\rd with orange* 
azo aCid magenta and mdigo suhstitute BSybut the light tint 
had, in place of the indigo, the dyestuff wool green S. 
The harmony of colour gradating oi •'step/' of the com¬ 
position was faultless in daylight, as shown in Fig :t, and 
all the shades appeared of the same nature and composition; 
but under artificial light the lightest tint at once stood out 
from the other colours as being of a dilleient gieener cast 
(see Fig. 4) 

Of course it must he remembered that the examples we 
have chosen arc somewhat exaggerated, and could scarcely 
be produced m actual practice unless through some gross 
carelessness of the dyer, or with the studied new of obtaining 
such curious results. Nevertheless it Quires the utmost 
care m the proper selection of the d\ostiilts to obtain a 
colour which behaves in all respects similar to the shade 
it is desired to match. 

§ 08. Unreliable Dyestuffs.— While speaking of the diffi¬ 
culties of colour-matching, we cannot hut icier to a \eiy 
important question, '.e, the vaiving and unreliable quality of 
some of the dyestuffs used. 

As a rule, dyers and colour-mixers prefer to keep closely 
to thfeir standard dyes, which tht*v have found after long 
experience to he regular m strength, and quality. They are 
naturally very slow—and nghtlv-Ho—to u<h pi a new’ brand 
of dyestuff, even though it promises well lit their trial expen* 
ments, because they have, no doubt, learned from hitter 
experience that many dyestuff's after being adopted piove 
to be uncert&in nj strength and quality of tone 
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After colour recipes have byen altered and adjusted to-suit 
the new dyestuff,' it may be found, on exAttfming the next 
delivery of the stuff, to he slightly different m quality. This, 
upsets completely the colour recipes, and ones the dyer no end 
of trouble m matebjng lus shades to the required standards. 
» «This is one of the most annoy mg experiences of the 
colourist. Month by month the dyestuff may creep lilhiost 
imperceptibly oil the eoirect tone unless the utmost vigilance 
he exercised. 

« 

It is vei \ mipoitiint that every coloui ist should keep a 
small sample of the dyestuffs as bargained for while making 
the contracts foi the vein, so that they may he kept for 
c.mnpaimg with the fiituie delneiies of the dvestutf. 

Hut in the best regulated coloni lahoratoiles, anil although 
the utmost caie lie exeieised, it may he tound that the dyed 
shades me not coming out just as they me desiied. They 
ma\ lequile Io he alteied and adjusted with one dyestuff or 
another to hung them to the cm feel shade, and it is here 
that the coloiir-matchei expel lences most difficulty. 

It is luud loi am pel son not skilled in the piaetieal mix¬ 
ing and matching ol colonis to believe that a dyestuff giving 
tones of coloui almost identical to its leqililed standaid may, 
when mixed with other dyes to hum compound shades, 
produce icsults very ditleient from It hat were expected. 

Vet, as evetv colmmsl knows, this may he so. For 
example, two shades of blown may appeal identical, yet. 
when each is mixed with a ceitain propoition of green or 
blue the two shades ol .teiia-ootta thus pioduced may not 
he at all sitnilai. * 

In vhe saiitejnaimer t(j,o aniline gteys or mdulmcs may 
appear, when rived bv themselves, of exactly the same colour, 
yet if tliete he added a eeitam pioportwm of pink to forma 
soft purple, 01 a'yellow to give a eitime, or an mange to give 
a rut.'.et,'the li'sultmg pairs of shades may differ considerably. 
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8oine slight difference in hue, between the t\v> greys, not 
observable at becomes apjiart-m on admixture with 

other colours. 

Here, then, arises a great source o( ilitVa ult\ to the colour- 
matcher ; and it rec|Uires the colour iiifttiubietuieis and their 
, agents to thoroughly appreciate the im]«u tain e of this siihje't ,• 
and flfexerctse the utmost care that all dehueties of dve.lulls 
are unvarying m strength and tone of eolimi 

At the present day, when business inns; at high speed and 
everything is hustle and loins, the colourist has tin time to 
waste oil altering shades and adjusting his iceipes to suit a 
vacillating and uncertain dvestutl, no mallei how anxious lie 
might he to Use it 

Tins stthjeet is a most impoitmit one to d\ e manufaetiiieis, 

and jvell worthy ol their closest attention 
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